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APPENDIX S 

INTRODUCTION AND OVERVIEW 

This appendix Is a compilation of reports presenting the technical 
results of conceptual design Mork based on five coal gasification tech- 
nologies and an analysis of schedule requirements for projects based on 
these technologies. Cost analyses for these designs are contained In 
Appendix 0. 

Appendix B-1 

This Is a reference facility design report based on the Koppers- 
Totzek coal gasification process. 

2. Appendix B-2 

This Is a reference facility design report based op the Texaco 
coal gasification process. 

3. Appendix B-3 

This Is a reference facility design report based on the Babcock 
and Wilcox coal gasification process. 

4. Appendix B-4 

This contains facility definition level design reports based on 
the Lurgi and BGC/Lurgi processes. 

5. Appendix B-5 

This presents the results of the schedule analysis. 
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1.0 INTRODUCTION 

The United States, after a number of years of development based 
on plentiful and Inexpensive oil and natural gas, Is entering a period 
of time when It Is essential to supplement these energy sources by 
the Increased use of coal. Coal Is the nation's most plentiful fossil 
fuel. Coal gasification Is a means of accomplishing this. While utlll* 
zatlon of coal through conversion to gaseous products Is not nevi there 
Is no Industry within the US which might serve as a base for establishing 
cost, operational reliability and requirmnents, and design data for 
the large scale environmentally acceptable plants needed. 

The Tennessee Valley Authority with systems engineering and analysis 
support from the George C. Marshall Space Flight Center has Initiated 
a project which would establish the commercial base and demonstrate 
the requirements for gasifying coal In a large Integrated facility. 

The project consists of gasifying 20,000 tons per day of Eastern coal 
In a four module plant-the construction of which is staggered to accom* 
modat'i efficient use of construction manpower and product market develop- 
ment. 


The purpose of this study is the systematic engineering and cost 
analysis of five selected gasifier technologies and the other associated 
systems required to produce medium 6TU gas for delivery into a 600 psig 
distribution system in Northern Alabama. This ' 'fort In a series of 
design studies provides a reference basis for selection of the final 
plant configuration and choice of process technologies. 

The methodology consists of selection of a systematic breakdown of 
the facility for purpose of study, identification of available technologies 
for each system, development of a definition level design and cost analysis 
for each system, conducting a series of trade studies using the definition 
design as a basis, and finally development of reference facility designs 
and cost analyses based on the previous work. 

This report covers the work done in sstabl i:;hing a Reference Facility 
Design based on Koppe ”s-Totzek coal gasification technology. It is 
one of three such designs, the other two being based on Babcock and Wilcox and 
Texaco coal gasification processes. The design covers a complete grass 
roots facility site at Murphy Hill, Alabama. The plant inputs are coal, water 
and electricity. The plant outputs are medium BTU gas (MBG) and solidified 
sulfur. 

The design approach involved breaking each of four identical modules 
into process and support systems followed by analysis of each system 
through identification of available technologies and use of the comparative 
trade studies to select the preferred processes for each system. 
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2.0 SUMMARY 

A four module, 20,000 TPD, based on KT coal $a$1f1cat1on tech* 
nology has been designed. The plant processes Kentucky No. 9 coal 
with provisions for up to five percent North Alabama coal. Coa^ trans* 
portatlon is by river barge except for the Alabama coal which Is trucked 
to the site. Medium BTU gas with heat content of 305 6TU/SCF and not 
more than 200 ppm sulfur Is the primary plant product. Sulfur Is recovered 
for sale as prilled sulfur. Ash disposal Is on site. The plant Is designed 
for zero water discharge. Trade studies provided the basis for not using 
boiler produced steam to drive prime movers. Thus process derived steam 
In excess of process requirements Is superheated for power use In prime 
movers. Electricity from the TVA grid is used to supply the balance of 
t*:e plant prime mover power requirements. A study of the effect of mine- 
mouth coal cleaning showed that coal cleaning Is not an economically 
preferred route. 

The plant design was arrived at by a systematic procedure based on 
published design work, process trade studies, team engineering experience, 
a NASA provided module level definition of some twenty systems, and the 
TVA document, "Design Criteria for Conceptual Designs and Assessments of 
TVA's Coal Gasification Demonstration Plant," March, 1980. 

The overall plant configuration is shown schematically in Figure 2.1. 

As shown, General Facilities, Instrumentation and Control, and Coal Handling 
serve plant wide functions. All other plant components are contained in 
four identical process modules. The Instrumentation and Control System 
operates to monitor overall plant performance and to control intermodule 
relationships. The total list of systems is given in Table 2.1. 

The design procedure involved defining available processes to meet 
the requirements of each system, technical /economic trade studies to 
select the preferred processes, and engineering design and flow sheet 
development for each module. Cost studies assumed a staggered construction 
schedule for the four modules beginning spring 1981 and a 90 percent on 
stream factor. 

The basis and results of the design study are given in Tables 2.2 and 

2.3. 
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gure 2.1. Koppc's Totzek Plant Configuration 
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SYSTEM NO. 

1 

2 

3 

4 

5 

6 

7 

8 

10 

11 

12 

13 

14 

15 

16 

17 

18 
19 


TABLE 2.1. LIST OF SYSTEMS 


NUMBER OF COST UNITS 

PER MODULE PER FACILITY SYSTEM DESCRIPTION 


1 

9 

9 

1 

1 

2 

1 

1 

0 

0 

0 

1 

1 

1 

1 

1 

1 

0 


4 

36 

36 

4 

5 
8 
4 
4 
1 
1 
1 
4 
4 
4 
4 
4 
4 
1 


COAL PREPARATION AND FEEDING 
GASIFICATION 

INITIAL GAS CLEANUP AND COOLING 

ACID GAS REMOVAL 

SULFUR RECOVERY 

AIR SEPARATION 

COMPRESSION 

PROCESS SOLIDS TREATMENT 
INSTRUMENTATION AND CONT. iL 
COAL HANDLING 
SOLIDS DISPOSAL 
BY-PRODUCT PROCESSING 
PLANT POWER SYSTEM 
STEAM GENERATION/DISTRIBUTION 
RAW WATER MAKE-UP 
COOLING WATER SYSTEM 
WASTE WATER TREATMENT 
GENERAL FACILITIES 
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TABLE 2.2. DESIGN BASIS SUMMARY* 


PLANT CAPACITY 
PLANT TYPE 
COAL TYPE 

PLANT SERVICE FACTOR 
PLANT LIFE 
ELECTRICITY SOURCE 
WATER 

COAL RECEIPT 
PRODUCT DELIVERY 
PRODUCT QUALITY 
SULFUR 

COAL COST (1980) 

LAND COST (1980) 

CLEARING AND GRUBBING (1980) 
ELECTRICITY COSTS (1980) 
BY-PRODUCT CREDIT 
ESCALATION 


20,000 TPD 

FOUR INDEPENDENT MODULES 

KENTUCKY NO. 9 

90 PER CENT 

20 YEARS EACH MODULE 

TVA GRID-4. 16KV, 6.9KV, 13.8KV 

TENNESSEE RIVER 

BARGE + 55 ; BY TRUCK 

MBG AT 600 PSIG 

MINIMUM 285 8tu/SCF 

PRILLED 

$1. 25/MM Btu 

$3, 000/ ACRE 

$2, 000/ ACRE 

NONE 

AS PER TVA SPECIFICATION 


* 0 esi 9 n Criteria for Conceptual Designs and Assessments of 
TVA’s Coal Gasification Demonstration Plant," Tennessee 
Valley Authority, March, 1980 


B-1-5 


THE BDM CORPORATION 


TABLE 2.3. DESIGN STUDY RESULTS* 


FEED COAL 

6,570 

,000 

TPY 

WATER 

10 

.000 

GPM 

PURCHASED ELECTRICITY 

3 

,347 

MM KWHY 

MB6 PRODUCT 


898 

M MSCFD 

MBG PRODUCT 


295 

MM MSCFY 

MBG QUALITY 


305 

BTU/SCF 

SULFUR PRODUCT (PRILLED) 


673 

LTPD 

SULFUR PRODUCT 

222 

,000 

LTPY 

TOTAL CAPITAL REQUIREMENTS 

$2 

,371 

MM 

OPERATING AND MAINTENANCE COSTS 


$138 

MM/YR 

COAL, CATALYST, CHEMICALS 


$181 

MM/YR 

PLANT OPERATING STAFF 


344 

PERSONS 

MAINTENANCE/YEAR 


$65 

MM 


* COSTS ARE IN 1980 DOLLARS 
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Designs In this study were based on published works, engineering 
experience and judgments, and consultations with appropriate process 
and equipment vendors followed by design calculations, flow process 
sheet development and documentation. 

Cost estimates are based on normal conceptual level design estimat- 
ing procedures as described in the "Coal Estimation and Economic 
Evaluation Methodology," B0M/W-80-258-TR-RV2, submitted as another part 
of this project work scope and reprinted as Appendix E. Schedule esti- 
mates are in accordance with overall guidelines furnished by NASA. 

Details of the schedule are considered typical for projects of this 
type and while do not represent a detailed analysis specific to 
this project they represent the complexity and illustrate schedule con- 
straints associated with the subject project. Process flow diagrams are 
included for the main process systems, air separation system, cooling 
water system, and steam distribution system as aids in following written 
system descriptions. 

Technical results of the study are reported in this appendix. A cost 
analysis is included as a part of Appendix D. 
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3.0 OVERALL FACILITY DESCRIPTION 

This section presents and discusses the process design of a plant 
designed to gasify 20.000 tons per day of coal in four 5000 TPO modules and 
to produce a medium-6tu product fuel gas (MBG) with a nigher heating value 
of 305 Btu/SCF. The plant design is based upon using entrained flow of 
gasifiers as offered by Koppers-Totzek, and upon the design criteria (coal 
characteristics, product specifications, site data, etc.) set forth by the 
Tennessee Valley Authority in March, 1980. 

3.1 Overall Plant Processing 

The overall plant configuration is shown in the block flow diagram, 

(see Figure 2.1). Kentucky No. 9 coal is received by barge and either 
placed in a dead storage pile or processed in System 11, Coal Handling. 
Provisions have also been made to receive up to five per cent of plant 
capacity by truck. Dead storage provides for 90 days of supply in interrup- 
tion. 


Coal, either directly from barges or from dead storage, is processed in 
a Bradford breaker and conveyed to four process modules of 5000 TPO capacity 
each. 


In each module, the raw coal fed to the plant from System 11 is crushed 
and dried in System 1 and fed to System 2, the Koppers-Totzek gasifiers. 

The feed coal is partially combusted (within the gasifier), with oxygen 
supplied from the air separation plant, to form a raw product gas which is 
rich in carbon monoxide and hydrogen. Roughly half of the coal ash is 
entrained with the gas. The remainder drains by gravity from the gasifier. 
The raw gas leaves the gasifiers passes through ash quenching and slag 
recovery and is then cooled to 350°F in waste heat recovery boilers. Heat 
recovered in the waste heat boilers and from the gasifiers is used to gener- 
ate steam for the plant. The gas is then further cooled to 100°F in Venturi 
scrubbers and water wash towers to remove residual char and ash particulates, 
in System 3, Initial Gas Cleanup and Cooling System. 

The raw gas leaves the Venturi scrubbers at 100°F at slightly above 
atmospheric pressure. It is then compressed in System 7 to about 640-650 
psia and sent to System 4, the Acid Gas Removal, where essentially all of 
the hydrogen sulfide and carbonyl sulfide, and about 45 per cent of the 
carbon dioxide contained in the raw gas is removed. The acid gas removal 
system uses the Selexol process (licensed by the Allied Chemical Corporation) 
in which a physical solvent (the dimethyl ether of polyethylene glycol) 
absorbs and removes hydrogen sulfide, carbonyl sulfide and the concomitant 
carbon dioxide from the raw gas. 
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The acid gas (hydrogen sulfide, carbonyl sulfide and carbon dioxide) is 
recovered from the Selexol solvent and processed in System 5, Sulfur 
Recovery and Tail Gas Treatment, wherein over 99 per cent of the hydrogen 
sulfide and carbonyl sulfide is converted into 668 long tons/day of 
by-product elemental sulfur. The sulfur recovery unit utilizes the conven- 
tional Claus process to convert about 90 to 95 per cent of the hydrogen 
sulfide (and some of the carbonyl sulfide) in the acid gas into by-product 
sulfur. The residual tail gas from the Claus unit is then processed in a 
Beavon-Stretford unit to recover additional by-product sulfur. 

Oxygen utilized for the partial combustion of coal and recycle char in 
the gasifiers is produced in System 6, a conventional air separation plant. 
Atmospheric air is compressed to about 100 psia, cooled to 100°F and then 
separated cryogenically into oxygen and nitrogen at about 2 psig. The oxygen 
is compressed to about 22 psia for use in the gasifiers. A small portion 
of the nitrogen is also compressed for use in transporting pulverized coal. 

In addition to the systems contained in each module and described in 
Section 4, the plant consists of System 10, the overall plant monitoring and 
control system; System 11, the coal handling and storage system serving all 
four modules; and System 12, the solid waste disposal system serving the 
total facility. 

The purpose of System 10 is to provide operational monitoring and super- 
visory master control of module operations. The systan includes instrumenta- 
tion to measure key characteristics of all major streams (mass, temperature, 
pressure, composition, density, and/or others as appropriate) and to display 
these characteristics in a central location. A dedicated computer is pro- 
vided to record data of interest at the facility management level. Telecom- 
munications capabilities are provided to communicate with module and systems 
operations as required to control total plant operation to meet delivery 
requirements. 

System 11, the Coal Handling System, provides for the unloading of coal 
delivered to the plant either by barge or truck, reclaiming the coal from 
storage, reducing the size of coal, and transporting the coal to Coal Prepara- 
tion and Feeding, System 1. 

Raw coal is unloaded from barges by the barge unloading subsystem which 
is designed to unload up to ten 1500-ton capacity barges per shift. The coal 
is unloaded at an average rate of 1200 tons per hour on a five-day week basis. 
Coal is transferred by conveyor to a radial stacker which then produces a 
kidney-shaped coal pile containing live and dead storage. Coal is reclaimed 
from live storage and conveyed to a Bradford breaker where it is reduced in 
size to 2" x 0. Coal from trucks is unloaded into a chute from which it is 
conveyed to the Bradford breaker. Crushed coal from the Bradford breaker is 
transported to day storage silos from which it is transferred via vibrating 
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belt conveyors to coal preparation and feeding, System 1, for further process 
ing. Coal fines from the Bradford breaker are collected and sent to the gasi 
fication unit. System 2. 

The purpose of System 12 is to store solid waste generated by facility 
operation during the facility life. 

This system consists of a lined Impounding pit sized to contain 20 years 
of solid waste. It Includes the conveyor system to move the solids to the 
pit and a leachate recovery area to recover and pump leachate to the process 
condensate system. 

Module descriptions are the subject of Section 4. 

3.2 Facility Balances 

The key material inputs and product outputs for the overall plant 
may be summarized as: 


INPUTS: 

Raw Coal 

20,000 short tons/day 


98% Oxygen 

16,400 short tons/day 


Raw Water Intake 

10,000 gpm 


Imported Electric Power 

425 MW 

OUTPUTS: 

Product Gas 

898 MM SCFO 


By-product Sulfur 

668 long tons/day 


Solids to Disposal (Wet) 

4,335 tons/day 


Solids to Disposal (Dry) 

3,252 tons/day 


Table 3.1 gives the thermal efficiency for the facility. Table 
3.2 gives the final product characteristics. 
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TABLE 3.1. CONVERSION EFFICIENCY KOPPERS-TOTZEK PROCESS 
20,000 TPD FACILITY 


INPUTS 

10® BTU/HR 

© COAL TO FACILITY 

18,300 

© ELECTRIC POWER TO FACILITY 

1,448 

OUTPUTS 


® MBG FROM FACILITY 

11,426 

© COAL FINES FROM FACILITY 

-0- 

EFFICIENCY 



COAL-TO MBG ( ® f © ) x 100% 

OVERALL PRODUCT EFFICIENCY Q) i ( © + © ) x 100% 

OVERALL FACILITY EFFICIENCY (©+©) + (©+©) x 100% 


PER CENT 


62.4 

57.8 

57.8 


B-i-n 


THE BOM CORPORATION 


TABLE 3.2. PRODUCT CHARACTERISTICS 


VOLUME PER CENT 


63.4 

29.6 

1.5 

4.9 

0.5 



100.0 


HYDROGEN SULFIDE 

4.0 

PPM VOLUME 

CARBONYL SULFIDE 

16.0 

PPM VOLUME 

TOTAL SULFUR 

20.0 

PPM VOLUME 

WATER VAPOR 

7.0 

LBS/MM SCF 

HIGHER HEATING VALUE 

305 

BTU/SCF 

TEMPERATURE 

75 

°F 

PRESSURE 

615 

PSIA 


CARBON MONOXIDE 
HYDROGEN 

NITROGEN AND ARGON 
CARBON DIOXIDE 
METHANE 
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4.0 MODULE DESCRIPTIONS 

Each of the four modules in the plant consist of identical sequences 
of process systems as given in Table 2.1. Process flow diagrams and an 
equipment list are included in Section 5 for the principal process systems 
and such auxiliary systems, as cooling water and steam systems. 

Each module receives 5000 TPO of coal from System 11, Coal Handling. 

The sequence of processing shown in Figure 4.1 is repeated in each of the 
four modules. Descriptions of each modular system are as follows. 

4.1 System Descriptions 

4.1.1 System 1 - Coal Preparation and Feeding 

This system receives the rough processed coal from coal handling. 

System 11. The operations carried out in System 1 include: pulverizing 

coal to the required size, screening and recycle or oversized fractions, 
drying of processed coal to the required final moisture content, and trans- 
porting of the sized, dried coal to Gasification, System 2, for direct 
gasification. System 1 is shown schematically in Drawing Number 524-KT-Ol . 

Crushed 2" x 0 coal is received from System 11 via a vibrating belt 
feeder. Tramp iron separators then remove ferrous metal items from the coal 
stream and discharge them through the tramp iron chute. The coal is then 
weighed on a belt scale after which it goes to a pulverizer-dryer. The 
pulverizers crush the coal to the required 70% through 200 mesh size, while 
simultaneously drying the coal to around 2% moisture. Drying is accomplished 
by a hot nitrogeous gas stream. The nitrogen gas stream is heated i.'' a 
direct fired heater utilizing MBG product gas. Dried, pulverized coal is 
conveyed by the hot nitrogen gas stream to gasifier service bins. The 
pulverizer-dryers are controlled so as to maintain coal particle temperatures 
between 160-180°F, in order to avoid coking or devolatilization. Level con- 
trols on the gasifier service bins regulate the intermittent feeding of gasi- 
fier feed bins. Transport nitrogen gas is separated from the coal in the 
service bins prior to dust removal and subsequent venting. Gasifier feed bins 
are connected to the gasifier via variable speed screw feeders. These screw 
feeders discharge the coal to mixing heads where it is entrained in oxygen and 
low pressure steam, and transported via pipes to the gasifier burners. All 
fines are collected and returned to the service bins. 

4.1.2 System 2 - Gasification 

The Koppers-Totzek gasifier is of the high temperature, cocurrent 
entrained flow type. It is a proprietary unit licensed by Koppers Company. 
There are four feed points on the four-headed gasifiers, and twc burner heads 
on each point. Each burner is arranged to produce a flame pattern which 
intersects the pattern of the adjacent burner on a head. Oxygen from the air 
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separation unit, System 6, and low pressure steam generated 1n the gasifier 
Jacket, transport the pulverized coal to the gasifier. System 2 Is shown 
schematically In Drawing Number 524-KT-02. 

The coal, oxygen, and low pressure steao react to gasify the carbon 
and volatile matter In the coal. Due to the high temperature operation, as 
high as 3300°F, no tars, oils, phenols, etc., are produced. Each module 
contains eight operating and one spare gasifier train. 

Approximately SOS of the ash In the coal leaves the gasifier In the form 
of liquid slag, out the bottom of the gasifier. Entrained slag droplets are 
quenched with water at the gasifier outlet, In order to drop the temperature 
below the ash fusion temperature. This prevents adherence of liquid ash to 
the waste heat boiler tubes. The gas, with entrained particulate ash, passes 
to the waste heat boiler located directly over the gasifier. Due to a reduc- 
tion in velocity of the gas in the waste heat boiler, the heavier particles 
of ash are returned via a chute, to the slag quench tank below the gasifier. 
The waste heat boiler cools the gas to about 350°F, prior to cleanup. The 
waste heat boiler generates 49, SCO pounds per hour of 1450 psig steam per 
gasifier. 

The jacket of each gasifier produces 49,600 pounds per hour of low 
pressure steam f*'om waste heat escaping the gasifier refractory lining. Of 
this, 7,065 pounds are used as feed to the reactor. 

The oxygen feed rate Is 0.90 02 /lb dry coal. The higher heating value 
of the product gas produced is 305 etu/SCF. 

The Koppers-Totzek gasifiers operate at approximately 7 psig. Each 
module contains eight operating and one spare reactor. 

4.1.3 System 3 - Initial Gas Cleanup and Cooling 

The Koppers-Totzek gasification system includes a proprietary means for 
removal of particulate matter, as well as cooling the gas the final amount 
necessary to achieve temperatures compatible with sulfur removal systems. 
System 3 is included in Drawing Number 524-KT-02. 

The raw gas exiting the viaste heat boiler at around 350®F is washed in 
a pair of Venturi scrubbers arranged in series. The primary scrubber removes 
the bulk of the particles (around 90t). The gas from the secondary scrubber 
passes to the final gas cooler. The gas is cooled with water to around 95°F 
in this cooler; the total particulate removal efficiency of this system is 
around 99.9‘o. The cooled gas passes to System 7, compression. 

The scrubbers and cooler produce a considerable quantity of particulate 
laden waste water. This water is constantly recycled after solids removal in 
a clarifier and cooling in a cooling tower. Due to losses in the cooling 
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loop and Water entrained In the slag stream from the quench tank, makeup 
water must constantly be provided. Gas cleanup and cooling are Integral 
parts of the K-T system. Thus, there are eight operating and one spare 
system In each module. Figure 4.2 presents a balance of the water system 
around the gasifier and cleanup system. 

4.1.4 System 7 - Compression 

'*'he purpose of this unit Is to compress the MBG from Initial gas cleanup 
ant' cooling. System 3, to a pressure sufficient to provide a plant boundary 
pressure of 600 psig. Water produced In the mult1*stage compression process 
Is collected and recycled to System 3 to provide a portion of the make-up 
required. The product gas compressors for the Koppers-Totzek module are 
motor driven machines. Outlet pressure from the compression unit Is around 
65C psig In order to provide for pressure losses In acid gas removal, dehydra- 
tion, and gas metering. 

Each module contains: 

(1) Axial Compressor 34,500 HP 

(2) 2-Stage Centrifugal Compressor 34,600 HP 

(3) 1-Stage Centrifugal Compressor 21,300 HP 

System 7 is shown schematically In Drawing Number 524-KT-07, 

4.1.5 System 4 - Acid Gas Removal 

The acid gas removal system utilizes the Selexol solvent process and 
received 645,000 ibs/hr of sour gas at 100°F and 665 psia. The sweet 
(desulfurized) gas leaves the Selexol absorber at about 615 psia and a 
temperature of 60°F. The component removals across the absorber are: 

Inlet Gas Outlet Gas 



(mols/hr) 

(mols/hr) 

1 Removal 

Methane 

125 

125 

0.00 

Hydrogen 

8,125 

8,123 

0,02 

Carbon monoxide 

17,406 

17,374 

0.18 

Carbon dioxide 

2,483 

1,335 

46.23 

Hydrogen sulfide 

433 

1 

99.77 

Carbonyl sulfide 

49 

4 

91 .84 

N1 trogen 

420 

420 

:..oo 

Water 

42 

5 

88.10 
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ASH 59,623 

UNEURNT CARBON 13.271 WT, 

TOTAL SOLIDS 72,8l4 75 

WATER 24,298 25 

TOTAL TO ASH DISPOSAL 97,l92 100 


WATER MAKE-UP REQUIREMENTS LBS/HR 

WATER CONDENSED IN OAS COOLING * 146,416 

WATER SPRAYED INTO GASIFIER » 124,346 

WATER FROM GASIFIER EXIT GAS 22,070 


LBS/H R 

WATER EVAPORATED 2W430 
WATER LEAVING W/SOLIDS 24,298 
WATER FROM GASIFIER EFF -22.070 


1 

I 

I 



1 





THE BDM CORPORATION 


The Selexol sulfur removal unit is a proprietary process licensed by 
Allied Chemical Company. The primary purpose of this system is to remove 
H 2 $ and COS from the product gas stream in order to obtain a sulfur concen- 
tration of not more than 200 ppmv. Secondarily, the process removes COp, 
which increases the gas heating value. System 4 is shown schematically'^in 
Drawing Number 524-KT-04. 

The Selexol process removes sulfur compounds and carbon dioxide by means 
of countercurrent contact in an absorber. The physical absorption of the 
compounds to be removed is done using the dimethyl ether of polyethylene 
glycol as a solvent. Chilled solvent is used. Solvent chilling is accom- 
plished by means of an absorption refrigeration system utilizing low pressure 
gasifier jacket steam. 

COo removal from the rich solvent leaving the absorber is accomplished 
by a senes of successively lower pressure flashes. Flashed gas is recycled 
to the absorber inlet. Sulfur compounds are removed in the stripping column. 
The stripping column utilizes a steam heated rebciler. The stripper overhead 
gas, after cooling to about 120°F, flows to the sulfur recovery and tail gas 
treatment unit. System 5. 

The sour gas from the Selexol unit is rich in C02» and at slightly above 
atmospheric pressure. 

4.1.6 System 5 - Sulfur Recovery and Tail Gas Treatment 

Acid gas from Acid Gas Removal, System 4, is fed to a Claus-type three- 
stage sulfur recovery unit utilizing a proprietary process for handling lean 
H 2 S acid gases. Typically, in a Claus-type sulfur plant, the acid gas is 
first passed through a knockout drum before entering the reaction furnace. 

The chemistry of the process involves converting H 2 S to elemental sulfur 
according to the following equation: 

2 H 2 S + SO 2 -> 3S + ZH^O 

The reactions are exothermic, and the heat liberated generates steam in 
the reaction furnace boiler and in the sulfur condenser. The sulfur from 
each condenser is drained to a recovery pit in By-Product Processing, System 
13, and the tail gas from the final condenser is fed to a Beavon tail gas 
treating unit where essentially complete removal of the remaining sulfur 
compounds is achieved before discharge to the atmosphere. The Beavon sulfur 
removal process reduces the sulfur content in the tail gas to less than 100 
ppm. In this system, hydrogenation and hydrolysis are used to convert 
essentially all sulfur compounds to hydrogen sulfide. This gas is then 
cooled and passed intc a contactor where the hydrogen sulfide is absorbed by 
the redox solution arid oxidized to elemental sulfur. The reduced redox 
solution is reoxidized by contact with air and subsequently recirculated to 
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the contactor. Elemental sulfur is removed in the air-blowing step as a 
froth which is pumped to a sulfur melter to be melted under pressure, 
separated from the redox solution and transferred to By-Product Processing, 
System 13. The decanted redox solution is returned to the system. System 5 
is shown in Drawing Number 524-KT-Q5. 

The system receives 48,370 Ibs/hr of acid gas from the Selexol solvent 
regenerator at about 7 psig and 120°F. 

The inlet gas composition is: 


Inlet Gas 
(mols/hr) 


Hydrogen 

3.3 

Carbon monoxide 

31.3 

Carbon dioxide 

1,148.9 

Hydrogen sulfide 

432.0 

Carbonyl sulfide 

44.0 

Nitrogen 

0.0 

Water 

153.0 


1,812.5 


The recovery of by-product elemental sulfur from the sulfur recovery 
system is 167 long tons/day, which amounts to an overall sulfur recovery of 
about 99.9 percent. 

4.1.7 System 6 - Air Separation 

The purpose of this unit is to supply oxygen to the gasifiers. The pro- 
cess is non-proprietary and is offered in package form by several designer/ 
manu"*acturers in the U. S. The gaseous oxygen stream of 98% purity is 
produced by distillation of liquified air. System 6 is shown schematically 
in Drawing Number 524-KT-06. 

In the unit, which consists of multiple trains, 1,484,000 Ibs/hr of 
atmospheric air is filtered and compressed to 110 psia by multi-stage com- 
pressors. Drivers are steam turbines with motors installed for start-up. 

The fi Itered-compressed air is cooled via cooled heat exchangers, then passes 
through reversing heat exchangers where it is cooled to slightly above its 
liquefaction temperature by heat exchange with the oxidant and waste gas 
streams, and by subsequent expansion through a turbine. 

Vlater and carbon dioxide freeze out in the reversing exchangers, and 
are therefore removed from the inlet air stream. Subsequent switching of the 
exchanger sublimes the water and carbon dioxide into vapor which is vented as 
waste. 
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The cold air then enters the high pressure column for initial purifica- 
tion. The vapor at the top of the column is nitrogen containing 10 ppm of 
oxygen. Most of this is condensed in the high pressure condenser/low 
pressure reboiler and returned as reflux to the high pressure column. Some 
of this nitrogen vap*or becomes the feed stream to the expansion turbine and 
some becomes low pre;;sure product nitrogen gas after being superheated in 
the superheater and being warmed to about -150“F in a reversing heat exchanger. 

Some of the nitrogen condensed in the condenser/ reboiler becomes the 
liquid nitrogen product. It is first subcooled in the waste nitrogen core 
subcooler and then flashed into the liquid nitrogen separator. Liquid nitro- 
gen product from the separator is transferred to the liquid nitrogen storage. 

An impure reflux stream containing a small percentage of oxygen is with- 
drawn at an intermediate point in the column. It is subcooled and flashed 
into the top of the low pressure column. 

The final purification of oxygen t;»kes place in the low pressure column. 
The feeds tc this column are impure reflux, and crude liquid oxygen from the 
high pressure column is subcooled and parsed through the hydrocarbon absorbers 
before being flashed into the low pressure column. This procedures assures 
that all hydrocarbons are removed from the oxygen before purification. Pro- 
cessing the crude oxygen after it is liquified assures that the absorption is 
done at a relatively constant pressure and temperature and thus limits the 
possibility of accidental desorption. 

As a further safeguard, a portion of the liquid oxygen in the low pres- 
sure sump is constantly withdrawn, passed through a guard hydrocarbon absorber 
and returned to the sump. This prevents trace quantities of hydrocarbons from 
accumulating in the low pressure sump. 

The separated oxygen from the cold box (at 2 psig and 70*^F) is com- 
pressed, in four stages of compression, to 40 psia for use in the gasifiers. 

Each module contains a 23,000 HP axial air compressor powered by a 1450 
psig superheated steam turbine, a 7500 HP centrifugal air compressor driven 
by a 25 psig steam turbine and a 1750 HP centrifugal oxygen compressor powered 
by an electrical motor. All turbine drives have electrical start-up motors. 

The air separation plant was designed as two trains, each in operating 
service and each providing one-half of the oxygen requirement. 

4.1.8 System 8 - Process Solids Treatment 

Approximately 74,000 pounds per hour per module of ash and slag from 
the gasifier and gas cooling system along with biological sludges and solid 
wastes from process condensate treatment are treated in this unit. 
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Gravity settlers separate dense solids from the waste streams. 

Float thickeners-clarifiers treat slurry from the gravity settlers. 
Thickener and coagulant aids are added to facilitate solid-liquid separation. 

Rotary drum filters filter sludges from the process condensate treat- 
ing systems and the float thickeners. 

Recovered water is sent to the process condensate treating system, and 
solids are conveyed to final solids disposal. 

4.1.9 System 13 - By-Product Processing 

Sulfur is the only plant by-product other than ash/char solids which 
are disposed of on-site. Molten sulfur is pumped to a prilling tower in a 
continuously flowing circulation system. In the tower, sulfur is dispensed 
in droplets through nozzles. Droplets fall counter current to a stream of 
cooling air and solidify prior to landing in the bottom prill collection 
section. From the prill tower, sulfur is conveyed to a storage building 
from which it is transferred by truck or barge for sale. This system is 
illustrated in Drawing Number 524-KT-13. 

4.1.10 System 14 - Plant Power System 

This system is generally designed to receive medium voltage electrical 
power (4.16 KV, 6.9 KV or 13.8 KV) and provide the following functions; 

(1) Develop the necessary voltage stepdown arrangement for plant 
requirements 

(2) Distribute the necessary power to the plant equipment. 

TVA's incoming substation transformers receive power from its primary 
distributed voltage switching station and step down this voltage to a medium 
voltage to supply the plant electrical power requirement for motors, heaters, 
lighting, and other miscellaneous loads. 

The Medium Voltage Electrical Distribution Systems is a secondary 
selection system (double ended supply) with several medium voltage buses. 

Each medium voltage bus receives power from its respective incoming substa- 
tion transformer through an incoming breaker and supplies power to the 
medium voltage distribution system through the feeder breakers. 

The Low Voltage Electrical Distribution System typically consists of 
multiple 480 V double-ended load centers and 480 V motor control centers 
(MCC's) supplying the power to 480 V loads throughout the plant. Two load 
centers are interconnected through a normally open tie breaker. In the 
event of loss of one load center transformer or its feeder, the 480 V loads 
of the affected load center are fed by the second load center through the 
tie breaker. 
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Each load center consists of an incoming line section, load center 
transformer, and low voltage section with metal enclosed draw out power 
circuit breakers. 

Load center transformers are air cooled, dry type, 150°F temperature 
rise, with delta connected primaries and wye connected secondaries. All 
load center feeder circuit breakers are 1600A frame and 5O,0OOA RMS symme- 
trical interrupting capacity. The 480 V motor feeder breakers are electri- 
cally operated with instantaneous and long time trip units. 

480 V MCC's consist of starters, feeder circuit breakers and control 
devices, assembled in a coomon structure with horizontal and vertical buses. 

A 125 volt DC system supplies control power for medium voltage and 480 
volt plant switchgear control, protective relaying and annunciation. The 
system also supplies power for emergency lighting. 

4.1.11 System 15 - Steam Generation/Oistribution 

All of the plant sttam is process generated. 

Twenty-five psig steam (396,000 pounds per hour per module) is generated 
in the gasifier jackets. The gasifier steam requirement is 50,000 pounds per 
hour per module. Sceam in excess of the gasifier requirements is used along 
with steam from System 5, Sulfur Recovery, to drive gas compressor in System 
7, the refrigerant cooling water in System 4 and other plant uses. Waste 
heat boiler steam, generated at 1450 psig, is used to drive gas compressors 
and a small amount is let down to 550 psig for use in the sulfur recovery 
system. One hundred psig steam is generated in the sulfur recovery system 
and from gas compression turbine exhaust. It is used for reboiler heating 
in System 4 and to deaerate the steam condensate system. The steam system 
is given in Drawing Number 524-KT-lO. The balance is shown in Figure 4.3. 

4.1.12 System 16 - Water Supply 

The raw water treatment unit is designed to provide treated and un- 
treated water for the following facility water systems; 

(1) Fire water 

(2) Service water 

(3) Potable water 

(4) Cooling water 

(5) Boiler feed water 

Raw water is pumped from the river to a fire water-raw water storage tank. 
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400,162 


396,200 


1450 PSIG 
BOILER 


AIR SEPARATION 
TURBINE 


B.D.=3962 


24,240 


100 PSIG 
BOILER 


24,000 


STEAM 


1 18,500 

AGR 

J 



167,400 


POWER 

RECOVERY 


400,137 


30,400 


GASIFIER 

339,650 


GASIFIER 

SULFUR 

PLT 


56,522 


30,100 


AIR 

SEPARATION 

LOSSES 

5,000 


25 PSIG 
SYSTEM 


218,390 


BY PRODUCT 50,000 


750 LBS/HR 


854,939 


DEAERATION 


689,090 


RETURN CONDENSATE 


MAKE-UP 

70,739 


Figure 4.3. Steam System Balance- !bs/hr per Module 
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The raw water-fire water storage tank provides surge capacity for water 
treatment as well as storage capacity for fire water. During an emergency, 
fire water Is pumped from the tank to the fire water heater system. The 
fire water pumps are motor driven and have a diesel engine driven spare. 

The spare pump Is equipped with automatic start-up capability In case of 
power failure. 

The raw water Is pumped from the raw water-fire water storage tank to 
the softener-clarifier. Lime, alum, and polyelectrolyte from the clarifier 
bulk chemical storage and feed system are added to the softener-clarifi' • , 
which is equipped with an Internal flocculation mechanism. The alum and 
polyelectrolyte aid in the removal of suspended solids from the raw water. 
Lime Is added during the clarification step to "cold soften" the raw water. 
Chlorine is added to the raw water to inhibit algae growth in the clarifier 
and sand filters and reduce organic contamination. 

The underflow from the clarifier is a one wt percent sludge and is 
pumped to solids treatment for further processing. 

The clarified and softened raw water from the softener-clarifier flows 
to the self-backwashing sand filters where additional suspended solids are 
removed. A pressure differential across the filter bed initiates the back- 
wash cycle. The backwash flows by gravity to the sand filter backwash sump 
and is recycled to the softener-clarifier. The filtered water flows to the 
filtered water storage tank and is utilized as cooling tower make-up for the 
process cooling tower as service water for general plant use, as feed to the 
demineralizer package, and as feed to the potable water system. 

Water intended for potable services is chlorinated and again filtered 
to meet American Water Works Association (AWWA) standards and stored in a 
tank sized to hold a day's potable water requirements. The chlorine residual 
is maintained at 0. 5-1.0 ppm free chlorine in the tank. 

Filtered water intended as feed to the demineralizer package is injected 
with sodium sulfide to remove trace amounts of chlorine which adversely 
affect the demineralizer resins and after filtered through activated carbon 
to remove any remaining organic contaminants and dissolve iron. 

In the demineralizer, the mineral salts present in the water are removed 
by ion exchange. A two-step demineralization system, utilizing strong 
cation and strong anion exchangers in series, is provided. A degasifier 
following the strong cation and magnesium, which the anion exchangers remove 
anions such as chloride and sulfate. The strong anion exchanger also removes 
silica. The degasifi«r is provided to remove carbon dioxide and other 
dissolved gases. 

The mixed bed polisher is provided to remove silica to 0.02 ppm and to 
polish returned turbine condensate for reuse. 
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The boiler feed water deaerating heaters operate at 30 psig and 250°F. 
The deaerators reduce the oxygen content of BFW to 0.005 cc/liter. 

Hydrazine or sodium sulfite is injected into the storage compartment of 
the deaerators for chemical scavenging of any residual oxygen. Morpholine 
is injected into the suction of the boiler feed water pumps to protect the 
condensate systems. 

The total water requirement is illustrated in Figure 4.4, Allowances 
for water treatment blowdown and contingency add to that shown to resi-lt in 
a total requirement of 2500 GPM per module. 

Drawing Number 524-KT-16 shows System 16. 

4.1.13 System 17 - Water Cooling 

The purpose of this unit is to provide cooling water to the various 
process users in the facility. 

The cooling tower system includes the tower and fans, side stream 
filters, circulating water pumps, cold water basin, blowdown system, chemi- 
cal addition equipment, and distribution system. 

Cooling water is pumped from the cold water basin, through the distri- 
bution system to the process heat exchangers where low-level, sensible heat 
is picked up, and back to the cooling tower. The cooling tower rejects low- 
level heat by evaporative cooling to air drawn through the cooling tower by 
the cooling tower fans. 

A portion of the circulating water is passed through side stream filters 
to reduce loading to suspended solids, dirt and scale. 

The dissolved solids level of the cooling water is maintained by a 
continuous blowdown stream to the process condensate system. Water level in 
the cooling tower basis is maintained by continuous make-up of the clean 
water from the raw water treatment system. 

The blowdown stream is passed through a blowdown treatment system to 
recover chromate ions via ion exchange or by chemical reduction to chromium 
hydroxide and is sent to waste treatment for disposal. 

Chlorine is added to the cooling water on a routine periodic basis to 
prevent algae growth. Chemical algicides are added periodically to further 
eliminate algae growth. Sulfuric acid is added to control pH, and zinc and 
chromate inhibitors are added to the cooling water for corrosion control. 
Occasionally, a polyphosphate dispersant is added to enhance the action of 
the inhibitors. This system is illustrated in Drawing Number 524-KT-17. 
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4.1.14 System 18 - Waste Water Treatment 

The purpose of this unit is to collect and treat all plant liquid 
effluent streams. The plant design is predicated on "zero discharge" and 
permits recycle and reuse of treated water. Streams treated include the 
following: • 

(1) Oily water sewers 

(2) Coal pile run-off 

(3) Storm water run-off 

(4) Oemineralizer regenerant wastes and rinse water 

(5) Cooling tower blowdown 

(6) Sanitary waste water 

(7) Gasifier slag quench drains 

(8) Separated water from solids treatment 

(9) Filtrate from biological treatment. 

Process operations include: 

(1) Oil Separator - streams containing free and dissolved oil and treated 
in a gravity separator utilizing an emulsion breaking chemical and 
heat to separate the oil -water mixture 

(2) Sour Water Stripper - water streams with appreciable H^O and HN^ 
residuals are steam- stripped to remove these contaminants 

(3) Equalization Basin - liquid streams with extremely high or low pH 
are mixed in an equalizing basis and treated with sulfuric acid or 
caustic to change the mixed pH to a value of 6.0 - 8.0 

(4) Gravity Settling-Thickener - liquid streams with high suspended or 
dissolved solids are treated in a gravity settler-thickener and 
mixed with lime, alum, coagulant aids, and polymers to facilitate 
separation and thickening 

(5) Multi ple Effect Evaporation - neutralized wastes and brines are 
evaporated to recover water and concentrate the solids. 

The recovered, treated water is used as make-up to cooling towers or 
raw water supply. The resultant solids are conveyed to the solids disposal 
system. System 18 is illustrated in Drawing Number 524-KT-18. 

4.1.15 System 19 - General Facilities 

The purpose of this unit is to provide equipment or services to support 
the gasification facility at the facility level. 
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This unit is a general facility category and provides the following 
equipment and services: 

(1) Administration building 

(2) Laboratories 

(3) Change rooms 

(4) Warehouses 

(5) Maintenance buildings 

(6) Operation centers 

(7) Security offices 

(8) Plant air facility 

(9) Fire house 

(10) Visitor reception 

(11) Plant fencing 

(12) Plant lighting 

(13) Roads, bridges 

(14) Docking facilities 

(15) Interconnection pipe ways 

(16) Fire protection network 

(17) Flare stacks and headers 

(18) Plant instrument air compressors 

(19) Environmental monitoring 

(20) Site preparation. 

4.2 Module Balances 


Material and energy balances have been determined for each module. 
Table 4.1 gives stream compositions and quantities <^or each intersystem 
stream. Table 4.2 gives an energy balance at the modular level. 
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5.0 PROCESS FLOW DIAGRAM AND EQUIPMENT LIST 

This section contains the process flow diagrams and the list of 
equipment for each module. The facility contains four times the quantity 
shown here except for the coal silos which are on a facility basis and 
System 5, which has two trains in Module 1 and only one train in subsequent 
modules. 


B-1-37 


1S2 VCV » 1CV2 IS 2 1-S 3 1-CV 3 1 BN 1 

RAMP IRON CONVEYOR WEIGH BEIT PRIMARY HfrYfilf 8CBE6M CONVEYOR £gALtI2SA 
REMOVER CONVEYOR CRUSHER BIN 


THc BOM 





OMO/JVF 


















i 







THE BOM CORPORATION 



B-1-42 


























THE BOM CORPORATION 



B-1-44 

























NASA COMTKACr COAt GASIFICATIOM SYSTEMS 

NAS6 EWGiNEEWlMQ S AWAIYSIS STUDY 









THE BDM CORPORATION 



0 - 1 - 4 / 































i 

THE BDM CORPORATION 


TVA MBG MODULE 
KOPPERS-TOTZEK 

SYSTEM NO. 1 COAL PREPARATION AND FEEDING 


ITEM 


QUANTITY 

- • ■ 

NUMBER 

SERVICE 

SPARE 

OPERATION 

DESCRIPTION 

11-S-I 

LIVE COAL 

\ 




SILO 

0 

4 

SILO 





11.750 TONS/ EACH 

1-S-l 

TRAMP IRON 





REMOVER 

0 

1 

MAGNETIC 

1-EV-l 

■ 

LIVE COAL CONVEYOR 

■■ "" 

0 

1 

__ 

CONVEYOR 

l-EV-2 

, 

WEIGH BELT 







CONVEYOR 

0 

1 

SCALE AND 


1 



CONVEYOR 


j 

1 

1 

J 


l-BN-l i 

SIZED COAL 

I 

1 



i 

STORAGE BIN 

0 j 

2 


1-S-2 

PRIMARY CAOL 

j 

i 

i 

f 

1 

• “ 

! 

i 

CRUSHER 

0 1 
I 

i 

1 I 

1 


i 

1 

1 

l-CV-3 

f 

SIZED COAL 

1 

) 

1 

1 

j 


1 

i 

1 

1 

CONVEYOR ! 

\ 

0 i 

j 


CONVEYOR 

1 

1 

1 

1 


i 


l-S-3 ; 

RECYCLE SCREEN | 

0 ' 

1 I 

t 



j 


I 
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KOPPER-TOTZEK 

SYSTEM NO. 2 GASIFICATION 


ITEM 

NUMBER 

SERVICE 

] QUANTITY ■] 

1 SPARE 1 OPERATIC 1 

2-R-l 

KOPPER3-TOTZEK 

GASIFIER 

' 

1 

8 

2-P-l 

RECIRCULATION 

BLOWER 



9 

8 

2-P-2 

TRANSFER NITROGEN 
BLOWER 

9 

8 

2-P-3 

CLARIFIER CIRCULATION 
PUMP 

9 

i 

8 i 
1 
1 

2- P-4 

1 

SCRUBBER CIRCULATION 
PUMP 

9 

j 

i 

t 

8 

2-F-l 

TRANSPORT 
NITROGEN HEATER 

1 

8 

2-CV-l ! 

i 

i 

1 

1 

CRUSHED COAL i 

CONVEYOR ! 

I 

1 

8 

2-BN-l : 

i 

1 

PULVERIZER 

1 

1 i 

1 

1 

1 

i 

SURGE BIN 1 

i 

8 ; 

I 

i 

1 

1 

2- BN- 2 

1 

PULIVERIZED COAL ! 

STORAGE BIN 

1 

i 

1 

8 


DESCRIPTION 
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TVA MBG MODULE 
KOPPERS-TOTZEK 

SYSTEM. NQ^. 2 


ITEM 

NUMBER 

SERVICE 

"quan 

SPARE 

flTY 

2- BN- 3 

BUNKER STORAGE 

1 

8 

2- BN- 4 

REACTOR FEED 





STORAGE 

1 

8 

2-CY-l 

CYCLONES 



2 

16 

2-S-l 

COAL PULIVERIZER 

i 

1 

8 

2-S-2 

1 

SOLID PARTICLE 


i 


1 

RECOVERY 

i 

2 

16 

2-ME 1,2 

RAW GAS SCUBBERS 

! 

1 

1 1 

i 

2 

1 

1 

t 

16 

1 

2-ME-3 ! 

i ; 

1 i 

1 

1 

i CLARIFIER 

; 

1 

1 

i 1 

8 

3-T-1 

i , i 

: RAW C>AS COOLER 

1 1 

1 i 

i 

I 

1 

8 1 
1 


DESCRIPTION 
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TVA M8G MODULE 
K-T GASIFIER 


SYSTEM NU. 4 - ACID GAS REMOVAL 


ITEM 

NUMBER 

4-V-l 

SERVICE 

1’ ' ' QUANTITY 

J_ SPARE ] OPE^tTom" 

DESCRIPTION 

SOLVENT KNOCK-OUT 
DRUM 

0 

1 

1 


4-V-2 

SOLVENT FLASH 





DRUM 

0 

1 


- - ^ . 





4-V-3 

REGENERATOR 





KNOCK-OUT 

0 

1 


4-T-I 

1 

1 

1 

ACID GAS ABSORBER 

0 

1 


4-T-2 

SOLVENT REGENERATOR 

0 

1 

i 


- - - _ 



- -- - 

— - _ .... 

4-E-l 

SOLVENT CHILLER 

0 

1 

SHELL & TUBE 

i 


i 


EXCHANGER | 

> 

1 

1 

4-E-2 

1 

1 

SOLVENT COOLER 

j 

1 

0 ! 

} 

1 ! 

SHELL & TUBE 

1 

! 

1 

1 

1 

1 

1 

I 

1 

EXCHANGER 

1 

1 

j 

4-E-3 i 

REGENERATOR FEED 1 


1 

! 

1 

1 

PREHEAT EXCHANGER j 

0 

1 

SHELL & TUBE 

1 

1 

i 

1 

1 

[ 

1 

EXCHANGER 

4-E-4 

ACID GAS COOLER 

0 

1 

AIR FAN 


I 

1 


EXCHANGER 

4-E-5 

REGENERATOR REBOILER 

0 

1 

! 

SHELL & TUBE 
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TVA MBG MODULE 
K-T GASIFIER 

SYSTEM NO-. 4 ACID GAS REMOVER 


ITEM 

NUMBER 


SERVICE 


y *’ QUANTITY 


DESCRIPTION 


SOLVENT 

CIRCULATION 

PUMP 


REGENERATOR 
REFLEX PUMP 


SOLVENT TRANSFER 
PUMP 


SOLVENT 
STORAGE TANK 


TEG GAS DRYING 
PACKAGE 


RECYCLE VAPOR 
COMPRESSOR 


RICH SOLVENT 
LET DOWN TURBINE 


INCLUDES TEG CIRCULATION 
PUMP, TEG CONTRACTOR 
AND TEG REGENERATOR 


,',v 
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TVA M6G t^OULE 
K-T GASIFIER 

SYSTEM NO. 5 SULFUR RECOVERY & TAIL GAS CLEAN-UP 







ITEM 

NUMBER 

SERVICE 

QUA^ 

■ "spare 

ITITY 

(^RATlljir 

DESCRIPTION 

5-P-1 

SULFUR PRODUCT 
PUMP 

1 

1 



5-P-2 

STRETFORD SOUR 






WATER PUMP 

1 

1 



5-P-3 

REDOX SOLUTION 



n 



CIRCULATION PUMP 

1 

1 



5-P-4 1 

' STRETFORD SULFUR 




f 

1 

TRANSFER PUMP 

1 

1 

1 


(1 

1 

f 

5-P-5 

REACTION FURNACE 




f 


AIR BLOWER 

1 

1 


t' 

I J 

i| 






j 

1 5-S-I 

AIR OXIDATION MIX 




■ i 

1 

i 

< 

TANK 

0 

1 

1 

1 

1 


;i 

1 

!i 

i 

5-S-2 1 

1 

STRETFORD SULFUR 

? 

0 ! 

1 

} 



1 

1 

1 

1 

! i 

SEPARATOR MELTOR 

i 

1 

’ i 

{ 


1 

I 

1 , 

1 


1 




5-S-3 


f-WLTER SULFUR 
STORAGE PIT 
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« KOPPERS-TOTZEK 

SYSTEM NO. 5 SULFUR RECOVERY & TAIL GAS CLEAN-UP 



SERVICE 

QUAN1 

riTY 

DESCRIPTION 

SPARE 

OPERATION 

5-V-l 

ACID GAS 

KNOCK - OUT DRUM 

0 

1 


5-R-l 

REACTION FURNACE 

0 

1 

ACID GAS BURNER AND 
STEAM GENERATION 

5-R-2,3,4 

SULFUR CONVERTERS 

0 

3 

HORIZONTAL REACTORS 

5-R-5 

BEAVON HYDROTREATOR 
REACTOR 

0 

1 

HORIZONTAL GAS HYDROLYSIS 
REACTOR 

5-R-6 

COMBUSTOR 

0 

1 

HOT GAS GENERATOR 

5-T-l 

BEAVON UNIT CONTACT 
COOLER 

0 

1 


5-T-2 

STRETFORD ABSORBER 

0 

1 


5-E-l,2,3,4 

SULFUR CONOENSORS 

0 

4 

SHELL & TUBE EXCHANGER 

5-E-S 

BEAVON UNIT GAS 
COOLER 

0 

I 

SHELL & TUBE EXCHANGER 


NOTE: THIS ENTIRE UNIT IS DUPLICATED IN MODULE 1 ONLY. 
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SYSTEM NO. 


TVA MBG MODULE 
KOPPERS-TOTZEK 
SULFUR RECOVERY & TAIL 


GAS CLEAN-UP 


ITEM 

NUMBER 

SERVICE 

QUAN1 

'ITY 

DESCRIPTION 

SPARE 

OPERATION 

5-E-6 

STRETFORD RECYCLE 
COOLER 

0 

1 


5-P-l 

LIQUID SULFUR PUMP 

1 

1 

SUMP PUMP 

5-P-2 

SOUR WATER CIRCULATION 
PUMP 

1 

1 


5-P-3 

REDOX SOLUTION CIRCU- 
LATION PUMP 

1 

1 


5-P-4 

LIQUID SULFUR PUMP 

1 

1 


5-P-5 

SULFUR SLURRY PUMP 

1 

1 

MOYNO PUMP 

5-ME-1 

FILTER 

0 

1 

SULFUR SLURRY FILTER 
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TVA MHi.; MOnUl.E 
KOi i'KRS-TOT/' KK 
' \ 0 . ,fc'_.r A 1 R !> t I'AKA i U)N 


i ,EM 
NU"3ER 


6-ME-l 

A/B 


SERVICE 


AIR SEPARiVriON 
Pm’T 


QUANTITY 

T pare" 1 ~op E'RATi’ofT 


Dt SCRIPT ION 


PACKAGE SYSTEM 
2052 TPD 
955 : 0 , 


b-C-1 

A/B 


AIR COMPRESSOR 


2 AXl.AL COMP, 

23,000 H.P, 


6 -C -2 

A/B 


b-C-3 

A/B 


AIK COMPRESSOR 


0 


0,, iA'MPKESSOR 


b-ST-l 

A/B 


STE/VM TURBINE DRIVER 


CTINT KIKUCAL Ct-^MP . 
7500 U.P. 


CENTRI FUC/iL COMP, 
1750 U.P. 


DRIVER FOR C -1 

CON I'l ■■'.N F 1 N C / EXT IC\CT 1 ON 

H.P. rUKHlNE 


STE/YM TURBINE DRIVER 


6-M-l 


ELECTRIC MOTOR 


DRIVER FOR C-2 
CONMFXSINC L.P. 
TURIjINE 


START -UP MOTOR 
FOR AIK PL/uNT 
C-1 COMP. 




KLtC'iKlC Mi)TOK 


STa:V 1 '- 1 ? motor 
yOR AI - 'M 
c-i: CO 


hl Rc'T KIC MOi<-R 










[ TVA MBG MODULE 

• THE BDM CORPORATION KOPPERS-TOTZEK 

SYSTEM NO. 7 - GAS COMPRESSION 


ITEM 

NUMBER 

SERVICE 

QUAN1 

'ITY 

OESCRIPTION 

SPARE 

OPERATION 

7-C-l 

POT GAS COMPRESSOR 

0 

1 

38,500 H.P. 
AXIAL MACHINE 

7-C-2 

POT GAS COMPRESSOR 

0 

1 

34,600 H.P. 
DOUBLE SUCTION 
CENTRIFUGAL 

7-C-3 

POT GAS COMPRESSOR 

1 

0 

1 

21,300 H.P. 
CENTRIFUGAL 

7-M-l 

ELECTRIC MOTOR 

0 

I 

1 

DRIVER FOR C-1 

7-M-2 

ELECTRIC MOTOR 

I 

I 

0 

1 

DRIVER FOR C-2 & C-3 

7-EA-l 

1 

C-I COMPRESSOR ! 

AFTERCOOLER 

1 

0 

I 

AIR COOLED 
HEAT EXCHA.NGER 
Q = 100 M.MBTU/HR 

7-EA-2 

1 

C-2 COMPRESSOR 
INTERCOOLER ! 

0 

2 

AIR COOLED 
HEAT EXCHANGER 
Q = 48 MMBTU/HR 

7-EA-3 

C-2 COMPRESSOR 
AFTERCOOLER 

0 

1 

AIR COOLED 
HEAT EXCHANGER 
Q = 43 MMBTU/HR 

7-EA-4 

C-3 COMPRESSOR 

0 

1 

AIR COOLED 

HEAT EXCHANGER 
Q = 54 MMBTU/HR 
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TVA MBG MODULE 
KOPPERS-TOTZEK 

SYSTEM NO. 7 - GAS COMPRESSION 


ITEM 

NUMBER 

SERVICE 

QUAN1 

’ITY 

DESCRIPTION 

SPARE 

OPERATION 

7-E-l 

TRIM COOLER 

0 

1 

SHELL & TUBE 
HEAT EXCHANGER 
Q = 6 MMBTU/HR 

7-V-l 

CONDENSATE K.O. DRUM 

0 

1 


7-V-2 A/B 

CONDENSATE K.O. DRUM 

0 

2 


7-V-3 

CONDENSATE K.O. DRUM 

0 

I 


7-V-4 

CONDENSATE K.O. DRUM 

1 

0 

I 











1 
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IVA MBG MODULE 

THE BDM CORPORATION KOPPERS-TOTZEK 

SYSTEM NO. 13 - BY-PRODUCT PROCESSING 


SERVICE 


MOLTEN SULFUR 
STORAGE TANK 



! QUANTITY 1 

SPARE 

OPERATION 

0 

2 


DESCRIPTION 







STEAM HEATED 
500 TONS EACH 



MOLTEN SULFUR 
PUMP 








5000 TONS 
STORA.GE BUILDING 
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TVA MBG MODULE 
KOPPERS-TOTZEK 

SYSTEM NO. 17 - COOLING WATER 


ITEM 

NUMBER 


17-CT-l 


17-CT-2 


17-P-l 
A - E 


SERVICE 


PROCESS CONDENSATE 
COOLING TOWER 


UTILITY COOLING TOWER 


COOLING WATER CIRCUU- 
TION PUMPS 


QUANTITY 1 

SPARE 

OPERATION 

0 

t 

1 

1 


1 


DESCRIPTION 


2 CELLS 

Q » 215 MMBTU/HR 
GPM BY K-T 


8 CELLS 

Q » 490 MMBTU/HR 
GPM » 32,660 



17-P-2 
A - S 


COOLING WATER CIRCULA- 
TION PUMPS 


3 


16 


1,450 H.P. 
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TVA MBG MODULE 
KOPPERS-TOTZEK 

SYSTEM NO. 17 - COOLING WATER 



IBH 

SERVICE 

QUANl 

•ITY 

DESCRIPTION 

SPARE 

OPERATION 

17-CT-l 

PROCESS CONDENSATE 
COOLING TOWER 

0 

1 

2 CELLS 

Q = 215 MMBTU/HR 
GPM BY K-T 

17-CT-2 

UTILITY COOLING TOWER 

0 

1 

8 CELLS 

Q = 490 MMBTU/HR 
GPM = 32,660 

17-P-l 
A - E 

COOLING WATER CIRCULA- 
TION PUMPS 

1 

4 


17-P-2 
A - S 

COOLING WATER CIRCULA- 
TION PUMPS 

3 

16 

i 

1,450 H.P. 
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1.0 INTRODUCTION 

The United States, after a number of years of development based 
on plentiful and inexpensive oil and natural gas, is entering a period 
of time when it is essential to supplement these energy sources by 
the increased use of coal. Coal is the nation's most plentiful fossil 
fuel. Coal gasification is a means of accomplishing this. While utili- 
zation of coal through conversion to gaseous products is not new there 
is no industry within the US which might serve as a base for establishing 
cost, operational reliability and requirements, and design data for 
the large scale environmentally acceptable plants needed. 

The Tennessee Valley Authority with systems engineering and analysis 
support from the George C. Marshall Space Flight Center has initiated 
a project which would establish the commercial base and demonstrate 
the requirements for gasifying coal in a large integrated facility. 

The project consists of gasifying 20,000 tons per day of Eastern coal 
in a four module plant-the construction of which is staggered to accom- 
modate efficient use of construction manpower and product market develop- 
ment. 


The purpose of this study is the systematic engineering and cost 
analysis of five selected gasifier technologies and the other associated 
systems required to produce medium BTU gas for delivery into a 600 psig 
distribution system in Northern Alabama. This effort in a series of 
design studies provides a reference basis for selection of the final 
plant configuration and choice of process technologies. 

The methodology consists of selection of a systematic breakdown of 
the facility for purpose of study, identification of available technologies 
for each system, development of a definition level design and cost analysis 
for each system, conducting a series of trade studies using the definition 
design as a basis, and finally development of reference facility designs 
and cost analyses based on the previous work. 

This report covers the work done in establishing a Reference Facility 
Design based on Texaco coal gasification technology. It is one of three 
such designs, the other two being based on Babcock and Wilcox and Koppers- 
Totzek coal gasification processes. The design covers a complete grass 
roots facility site at Murphy Hill, Alabama. The plant inputs are coal, 
water and electricity. The plant outputs are medium BTU gas (MBG) and 
solidified sulfur. 

The design approach involved breaking each of four identical modules 
into process and support systems followed by analysis of each system 
through identification of available technologies and use of the comparative 
trade studies to select the preferred processes for each system. 
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2.0 SUMMARY 

A four module, 20,000 TPO, based on Texaco coal gasification tech- 
nology has been designed. The plant processes Kentucky No. 9 coal 
with provisions for up to five percent North Alabama coal. Coal trans- 
portation is by river barge except for the Alabama coal which is trucked 
to the site. Medium BTU gas with heat content of 291 BTU/SCF and not 
more than 200 ppm sulfur is the primary plant product. Sulfur is recovered 
for sale as prilled sulfur. Ash disposal is on site. The plant is designed 
for zero water discharge. Trade studies provided the basis for not using 
boiler produced steam to drive prime movers. Thus process derived steam 
in excess of process requirements is superheated for power use in prime 
movers. Electricity from the TVA grid is used to supply the balance of 
the plant prime mover power requirements. A study of the effect of mine- 
mouth coal cleaning showed that coal cleaning is not an economically 
preferred route. 

The plant desig.i was arrived at by a systematic procedure based on 
published design work, process trade studies, team engineering experience, 
a NASA provided module level definition of some twenty systems, and the 
TVA document, "Design Criteria for Conceptual Designs and Assessments of 
TVA's Coal Gasification Demonstration Plant," March, 1980. 

The overall plant configuration is shown schematically in Figure 2.1. 

As shown. General Facilities, Instrumentation and Control, and Coal Handling 
serve plant wide functions. All other plant compo'“nts a**: contained in 
four identical process modules. The Instrumentation and Control System 
operates to monitor overall plant performance and to control intermodule 
relationships. The total list of systems is given in Table 2.1. 

The design procedure involved defining available processes to meet 
the requirements of each system, technical /economic trade studies to 
select the preferred processes, and engineering design and flow sheet 
development for each module. Cost studies assumed a staggered construction 
schedule for the four modules beginning spring 1981 and a 90 percent on 
stream factor. 

The oasis and results of the design study are given in Tables 2.2 and 

2.3. 
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SYSTEM NO. 

1 

2 

3 

4 

5 

6 

7 

8 
10 
11 
12 

13 

14 

15 

16 

17 

18 
19 


TABLE 2.1. LIST OF SYSTEMS 


NUMBER OF COST UNITS 

PER MODULE PER FACILITY SYSTEM DESCRIPTION 


1 

4 

4 

1 

1 

3 

1 

1 

0 

0 

0 

1 

1 

1 

1 

1 

1 

0 


4 

16 

16 

4 

5 

10 

4 

4 

1 

1 

1 

4 

c. 

4 

4 

4 

4 

1 


COAI. PREPARATION AND FEEDING 
GASIFICATION 

INITIAL GAS CLEANUP AND COOLING 

ACID GAS REMOVAL 

SULFUR RECOVERY 

AIR SEPARATION 

COMPRESSION 

PROCESS SOLIDS TREATMENT 
INSTRUMENTATION AND CONTROL 
COAL HANDLING 
SOLIDS DISPOSAL 
BY-PRODUCT PROCESSING 
PLANT POWER SYSTEM 
STEAM GENERATION/DISTRIBUTION 
RAW WATER MAKE-UP 
COOLING WATER SYSTEM 
WASTE WATER TREATMENT 
GENERAL FACILITIES 
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TABLE 2.2. DESIGN BASIS SUMMARY* 


PLANT CAPACITY 
PLANT TYPE 
COAL TYPE 

PLANT SERVICE FACTOR 
PLANT LIFE 
ELECTRICITY SOURCE 
WATER 

COAL RECEIPT 
PRODUCT DELIVERY 
PRODUCT QUALITY 
SULFUR 

COAL COST (1980) 

LAND COST (1980) 

CLEARING AND GRUBBING (1980) 
ELECTRICITY COSTS (1980) 
BY-PRODUCT CREDIT 
ESCALATION 


20.000 TPD 

FOUR INDEPENDENT MODULES 

KENTUCKY NO. 9 

90 PER CENT 

20 YEARS EACH MODULE 

TVA GRID-4. 16KV, 6.9KV, 13.8KV 

TENNESSEE RIVER 

BARGE +5^;; BY TRUCK 

MBG AT 600 PSIG 

MINIMUM 285 Btu/SCF 

PRILLED 

$1.25/NM Btu 

$3, 000/ACRE 

$2, 000/ ACRE 

NONE 

AS PER TVA SPECIFICATION 


♦Design Criteria for Conceptual Designs and Assessments of 
TVA's Coal Gasification Demonstration Plant," Tennessee 
Valley Authority, March, 1980 
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TABLE 2.3. DESIGN STUDY RESULTS* 


FEED COAL 
WATER 

PURCHASED ELECTRICITY 
MBS PRODUCT 
MBG PRODUCT 
MBG QUALITY 

SULFUR PRODUCT (PRILLED) 

SULFUR PRODUCT 
TOTAL CAPITAL REQUIREMENTS 
OPERATING AND MAINTENANCE COSTS 
COAL, CATALYST, CHEMICALS 


6,570,000 TPY 
10,000 GPM 
1,560 MM KWHY 
1,078 M MSCFD 
354 MM MSCFY 
291 BTU/SCF 
668 LTPD 
222,000 LTPY 
$2,091 MM 
$128 MM/YR 
$181 MM/YR 


PLANT OPERATING STAFF 


271 PERSONS 


MAINTENANCE/YEAR 


$57 MM 


* COSTS ARE IN 1980 DOLURS 
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Designs in this study were based on published works, engineering 
experience and judgments, and consultations with appropriate process 
and equipment vendors followed by design calculations, flow process 
sheet development and documentation. 

Cost estimates are based on normal conceptual level design estimat- 
ing procedures as described in the "Coal Estimation and Economic 
Evaluation Methodology," BDM/W-80-258-TR-RV2, submitted as another part 
of this project work scope and reprinted as Appendix E. Schedule esti- 
mates are in accordance with overall guidelines furnished by NASA. 

Details of the schedule are considered typical for projects of this 
type and while they do not represent a detailed analysis specific to 
this project they represent the complexity and illustrate schedule con- 
straints associated with the subject project. Process flow diagrams are 
included for the main process systems, air separation system, cooling 
water system, and steam distribution system as aids in following written 
system descriptions. 

Technical results of the study are reported in this appendix. A cost 
analysis is included as a part of Appendix D. 
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3.0 OVERALL FACILITY DESCRIPTION 

This section presents and discusses the process design of a plant 
designed to gasify 20,000 tons per day of coal in four 5000 TPD modules and 
to produce a medium-Btu product fuel gas (MB6) with a higher heating value 
of 291 Btu/SCF. The plant design is based upon using entrained flow of 
gasifiers as offered by Texaco, and upon the design criteria (coal charac- 
teristics, product specifications, site data, etc.) set forth by the 
Tennessee Valley Authority in March, 1980. 

3.1 0 . i.. Plant Processing 

li.v overall plant configuration is shown in the block flow diagram, 
(see Figure 2.1). Kentucky No. 9 coal is received by barge and either 
placed in a dead storage pile or processed in System 11, Coal Handling, 
Provisions have also been made to receive up to five per cent of plant 
capacity by truck. Dead storage provides for 90 days interruption of 
supply. 


Raw coal from System 11, Coal Handling, is ground and slurried with 
water. This slurry, containing 40 percent water, is pumped into three 
Texaco gasifiers per module operating at 690 psia pressure. The feed is 
partially combusted with oxygen from the air separation plant heating the 
mixture to approximately 2450°F. Ash becomes molten slag. Water contained 
in the feed is vaporized and reacts with the partial combustion products via 
the steam carbon and water gas shift reactions to produce a product rich in 
carbon monoxide and hydrogen. Raw gas is quenched within the reactor to 
455°F. Molten slag is solidified in granules by the quenching operation and 
removed by lock hoppering along with quench water. After water-solids 
separation, the ash is disposed of on-site in a controlled disposal area. 

In the gas cooling and cleanup system, the gas is further cooled to 100°F 
before being treated in the acid gas removal system. The acid gas removal 
system uses the Selexol process (licensed by the Allied Chemical Corpora- 
tion) in which a physical solvent (the dimethyl ether of polyethylene 
glycol) absorbs and removes hydrogen sulfide, carbonyl sulfide and the 
concomitant carbon dioxide from the raw gas. 

The acid gas (hydrogen sulfide, carbonyl sulfide and carbon dioxide) 
is recovered from the Selexol solvent and processed in System 5, Sulfur 
Recovery and Tail Gas Treatment, wherein over 99 per cent of the hydrogen 
sulfide and carbonyl sulfide is converted into 668 long toris/day of by- 
product elemental sulfur. The sulfur recovery unit utilizes the conven- 
tional Claus process to convert about 90 to 95 per cent of the hydrogen 
sulfide (and some of the carbonyl sulfide) in the acid gas into by-product 
sulfur. The residual tail gas from the Claus unit is then processed in a 
Beavon-Stretford unit to recover additional by-product sulfur. 


B-2-8 


THE 8DM CORPORATION 


Oxygen utilized for the partial combustion of coal and recycle char in 
the gasifiers is produced in System 6, a conventional air separation plant. 
Atmospheric air is compressed to about 100 psia, cooled to 100°F and then 
separated cryogenically into oxygen and nitrogen at about 2 psig. The oxygen 
is compressed to about 815 psia for use in the gasifiers. 

In addition to the systems contained in each module and described in 
Section 4, the plant consists of System 10, the overall plant monitoring and 
control system; System 11, the coal handling and storage system serving all 
four modules; and System 12, the solid waste disposal system serving tin 
total facility. 

The purpose of System 10 is to provide operational monitoring and super- 
visory master control of module operations. The system includes instrumenta- 
tion to measure key characteristics of all major streams (mass, temperature, 
pressure, composition, density, and/or others as appropriate) and to display 
these characteristics in a central locati ii. A dedicated computer is pro- 
video to record data of interest at the facility management level. Telecom- 
munications capabilities are provided to communicate with module and systems 
operations as required to control total plant operation to meet delivery 
requirements. 

System 11, the Coal Handling System, provides for the unloading of coal 
delivered to the plant either by barge or truck, reclaiming the coal from 
storage, reducing the size of coal, and transporting the coal to Coal Prepara 
tion and Feeding, System 1. 

Raw coal is unloaded from barges by the barge unloading subsystem which 
is designed to unload up to ten 1500- ton capacity barges per shift. The coal 
is unloaded at an average rate of 1200 tons per hour on a five-day week basis 
Coal is transferred by conveyor to a radial stacker which then produces a 
kidney-shaped coal pile containing live and dead storage. Coal is reclaimed 
from live storage and conveyed to a Bradford breaker where it is reduced in 
size to 2 " x 0. Coal from trucks is unloaded into a chute from which it is 
conveyed to the Bradford breaker. Crushed coal from the Bradford breaker is 
transported to day storage silos from which it is transferred via vibrating 
belt conveyors to coal preparation and feeding. System 1, for further process 
ing. 


The purpose of System 12 is to store solid waste generated by facility 
operation during the facility life. 
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This system consists of a lined impounding pit sized to contain 20 years 
of solid waste. It includes the conveyor system to move the solids to the 
pit and a leachate recovery area to recover and pump leachate to the process 
condensate system. 

Module descriptions are the subject of Section 4. 

3.2 Facility Balances 

The key material inputs and product outputs for the overall plant 
may be summarized as: 


INPUTS: 

Raw Coal 

20,000 short tons/day 


98% Oxygen 

17,080 short tons/day 


Raw Water Intake 

10,000 gpm 


Imported Electric Power 

198 MW 

OUTPUTS: 

Product Gas 

1,178 MM SCFD 


By-product Sulfur 

668 long tons/day 


Sol ids to Disposal (Wet) 

3,312 tons/day 


Solids to Disposal (Dry) 

3,305 tons/day 


Table 3.1 gives the thermal efficiency for the facility. Table 
3.2 gives the final product characteristics. 
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TABLE 3.1 CONVERSION EFFICIENCY TEXACO PROCESS 
20,000 TPO FACILITY 


INPUTS 

10° BTU/HR 

PER CENT 

0 COAL TO FACILITY 

18,300 


0 ELECTRIC POWER TO FACILITY 

675.6 


OUTPUTS 

0 MBG FROM FACILITY 

13,050.8 


0 COAL FINES FROM FACILITY 

-0- 


EFFICIENCY 

COAL-TO MBG ( 0 f 0 ) x 100% 


71.3 

OVERALL PRODUCT EFFICIENCY 0 + ( O + 0 ) 

X 100% 

68.8 

OVERALL FACILITY EFFICIENCY ( 0 + 0 ) + (0 

+ 0 ) X 100% 

68.8 
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TABLE 3.2. PRODUCT CHARACTERISTICS 


CARBON MONOXIDE 
HYDROGEN 

NITROGEN AND ARGON 
CARBON DIOXIDE 
METHANE 


HYDROGEN SULFIDE 
CARBONYL SULFIDE 
TOTAL SULFUR 
WATER VAPOR 
HIGHER HEATING VALUE 
TEMPERATURE 
PRESSURE 


VOLUME PER CENT 

51.2 

37.1 

1.3 

9.9 

0.5 

100.0 

48 PPM VOLUME 
161 PPM VOLUME 
209 PPM VOLUME 
7 LBS/MM SCF 
291 BTU/SCF 
75 °F 
615 PSIA 
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4.0 MODULE DESCRIPTIONS 

Each of the four modules in the plant consist of identical sequences 
of process systems as given in Table 2.1. Process flow diagrams and an 
equipment list are included in Section 5 for the principal process systems 
and such auxiliary systems, as cooling water and steam systems. 

Each module receives 5000 TPD of coal from System 11, Coal Handling. 
The sequence of processing shown in Figure 4.1 is repeated in each of the 
four modules. Descriptions of each modular system are as follows. 

4.1 System Descriptions 

4.1.1 System 1 - Coal Preparation and Feeding 

System 1, Coal Preparation and Feeding, receives 2"x0 coal feed from 
System 11, Coal Handling. Each module processes 5,000 TPD of ROM coal in 
one of two 100 percent units. This system, shown in Drawing Number 524-TX- 
01, grinds coal and produces a 60 wt percent coal slurry which is fed to 
System 2, Coal Gasification. This design is patterned after the Parson's 
design in EPRI report AF-880, "Preliminary Desigi. Study for an Integrated 
Coal Gasification Combined Cycle Power Plant." 

ROM coal is received by conveyor from storage silos and passed through 
a magnetic tramp iron remover. A prescreening system selects the 2"xl/4" 
coal for further size reduction 1' a cage mill. The combined cage mill 
product and minus 1/4" coal from che prescreening operation are further 
processed in a wet rod mill. The discharge from the rod mill containing 
approximately fifty percent water is diluted and screened to produce the 
desired size consistancy with oversized material being recycled to the 
mill. A centrifuge is used to reduce the water content of the coal slurry. 
Final water content is controlled at 40 percent by water addition to the 
centrifuge product in a mix tank. Final slurry control is obtained by 
density measurement in the mix tank pump around loop. The slurry feed is 
transferred to and maintained in two parallel agitated tanks prior to 
transfer to a run tank in System 2, Coal Gasification. Alternate use of 
the two parallel tanks allows precise control of slurry content before 
transferring to the next system. 

4.1.2 System 2 - Coal Gasification 

The Texaco Coal Gasification Process uses a coal slurry feed, con- 
sisting of fresh ground coal together with recycled fine slag and carbon 
with a total solids content of 60“^ by weighc. The slurry is pumped from 
m’x tanks in the grinding and slurry section to the gasifier slurry tank. 

A circulating pump circulates the slurry through this tank and supplies 
slurry to the suction of the high pressure charge pumps. The charge pumps 
raise the slurry pressure sufficient to teed the gasifiers at 690 psia. 

1 
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The coal -water slurry is fed through a specially developed burner 
into a refractory-lined gasifier reactor. Partial combustion with oxygen 
takes place at a pressure of 675 psig, and a temperature of 2450 degrees F 
to produce a gas consisting mainly of CO, H-, COo. and steam. Most of 
the sulfur in the coal is converted to H^S with the balance converted to 
COS. Nitrogen and argon from the oxygen^feed appear in the gas together 
with most of the nitrogen from the coal. The gas contains a small amount 
of methane. Some unconverted carbon and all of the ash are removed in 
the form of slag. The gas is essentially free of uncombined oxygen. 

The upper section of the gasifier is the refractory-1 ined chamber 
in which the partial oxidation reaction takes place. 

The gas from the gas generator reaction section passes straight down 
into the quench section of the gasifier along with the molten ash where 
it is immediately quenched with water from 2450 to 455 degrees F. Raw 
gas is sent to System 3, where residual carbon is scrubbed and the gas is 
further cooled. 

Most of the ash in the coal feed agglomerates into essentially carbon- 
free molten slag droplets, which are quenched and solidified in the lower 
quench section of the reactor. This slag is settled through the quench 
water into the lock hopper. The lock hopper is periodically dumped onto 
a screen, from which the slag is conveyed to the solids treatment system. 

Water from the gasifier quench chamber is cooled and combined with 
water from the carbon-scrubber lower section. Both streams contain fine 
slag and unconverted coal. The water stream from the lock hopper and 
water from the final product cooler separator join this stream, and the 
total flows into a flash pot. 

Separation of water and solids takes in place in a clarifier where the 
fine slag and unconverted coal settle out, leaving a clarified water 
overflow that is pumped back to the carbon scrubber via a gray water drum. 
Makeup water is added at this point. 

The clarifier underflow is fed to a centrifuge for dewatering. The 
concentrated underflow is returned to the coal grinding and slurrying 
section and mixed with coal-feed slurry. The filtrate is returned to 
the clarifier. 

This system processes 5000 TPD of ROM coal in each plant module. Each 
module consists of three operating and one spare complete trains. 
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4.1.3 System 3 • Initial Gas Cleanup and Cooling 

Raw gas at 675 psig and 455®F enter this system from the coal 
gasification system. The gas is cooled to 380°F in a steam generator 
producing 110 psig steam. Further cooling to 330°F in a second steam 
generator produces 50 psig steam. Boiler feed water to the steam 
generators is heated to 300°F by heat exchange with the gas from the 
second generator thereby lowering the gas temperature to 297°F. Water 
condensate is collected ir knockout drums following each steam generator 
and heat exchanger and recycled for quenching in the gasification system. 
The gas is next processed in a Texaco proprietary scrubbing unit for 
recovery of soot from the gas stream. The soot-water blowdown from' 
this unit is recycled to System 1, slurry preparation. 

Following the gas scrubbing unit the gas is coolwo b- air coolers 
to 140°F. Water condensate is recycled to the gasification quench 
system and the gas scrubbing unit. The gas is further cooled to 105°F 
by exchange with cooling water and contacted with the system makeup 
water in an ammonia scrubber. Water from the ammonia scrubber is used 
as makeup in the coal slurry preparation unit. Product gas at 100°F 
and 625 psig is delivered to System 4, Acid Gas Removal. This systan is 
given in Drawing Number 524-TX-03. 

4.1.4 System 7 - Raw Gas Compression 

The Texaco gasifiers operate at sufficient pressure to meet plant 
delivery requirements without product compression. 

4.1.5 System 4 - Acid Gas Removal 

The acid gas removal system utilizes the Selexol solvent process and 
received 721,825 Ibs/hr of sour gas at 100°F ana 640 psia. The sweet 
(desulfurized) gas leaves the Selexol absorber at about 630 psia and a 
temperature of 75°F. The component removals across the absorber are: 



Inlet Gas 
(mols/hr) 

Outlet Gas 
(mols/hr) 

Removal 

Methane 

154 

154 

0.00 

Hydrogen 

11,038 

11,032 

0.02 

Carbon monoxide 

15,254 

15,251 

0.02 

Carbon dioxide 

5,467 

2,938 

46.26 

Hydrogen sulfide 

454 

1 

99.78 

Carbonyl sulfide 

29 

5 

86.21 

Ni trogen 

375 

375 

0.00 

Water 

48 

4 

91.67 

32,819 

29,579 
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ThP Selexol sulfur removal unit is a proprietary process licensed by 
Allied emicai Company. The primary purpose of this system is to remove 
H 2 S and COS from the product yas strtum in order to obtain a sulfur concen- 
tration of not more than 200 ppmv. Secondarily, the process removes CO^, 
which increases the gas heating value. System 4 is shown schematically^in 
Drawing Number 524-TX-04. 

The Selexol process removes sulfur compounds and carbon dioxide by means 
of countercurrent contact in an absorber. The physical absorption of the 
compounds to be removed is done using the dimethyl ether of polyethylene 
glycoi as a solvent. Chilled solvent is used. Solvent chilling is accom- 
plished by means of an absorption refrigeration system utilizing low pressure 
gasifier jacket steam. 

COp removal from the rich solvent leaving the absorber is accomplished 
by a series of successively lower pressure flashes. Flashed gas is recycled 
to the absorber inlet. Sulfur compounds are removed in the stripping column. 
The stripping column utilizes a steam heated reboiler. The stripper overhead 
gas, after cooling to about 120®F, flows to the sulfur recovery and tail gas 
treatment unit. System 5. 

The sour gas from the Selexol unit is rich in CO 2 , and at slightly above 
atmospheric pressure. 

4.1.6 System 5 - Sulfur Recovery and Tail Gas Treatment 

Acid gas from Acid Gas Removal, System 4, is fed to a Claus-type three- 
stage sulfur recovery unit utilizing a proprietary process for handling lean 
H 2 S acid gases. Typically, in a Claus-type sulfur plant, the acid gas is 
first passed through a knockout drum before entering the reaction furnace. 

The chemistry of the process involves converting H 2 S to elemental sulfur 
according to the following equation: 

2H2S + SO2 — > 3 S + 2H2O 

The reactions are exothermic, and the heat liberated generates steam in 
the reaction furnace boiler and in the sulfur condenser. The sulfur from 
each condenser is drained to a recovery pit in By-Product Processing, System 
13, and the tail gas from the final condenser is fed to a Beavon tail gas 
treating unit where essentially complete removal of the remaining sulfur 
compounds is achieved before discharge to the atmosphere. The Beavon sulfur 
removal process reduces the sulfur content in the tail gas to less than 100 
ppm. In this system, hydrogenation and hydrolysis are used to convert 
essentially all sulfur compounds to hydrogen sulfide. This gas is then 
cooled and passed into a contactor where the hydrogen sulfide is absorbed by 
the redox solution and oxidized to elemental sulfur. The reduced redox 
solution is reoxidized by contact with air and subsequently recirculated to 
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the contactor. Elemental sulfur is removed In the air-blowing step as a 
froth which is pimped to a sulfur melter to be melted under pressure, 
separated from the redox solution and transferred to By-Product Processing, 
System 13. The decanted redox solution is returned to the system. System 5 
is shown in Drawing Number 524-TX-05. 

The system receives 132,719 Ibs/hr of acid gas from the Selexol solvent 
regenerator at about 7 psig and 120°F. 

The inlet gas composition is: 


Inlet Gas 
(mols/hr) 


Hydrogen 

4.5 

Caroon monoxide 

3.5 

Carbon dioxide 

2,529.2 

Hydrogen sulfide 

453.1 

Carbonyl sulfide 

24.4 

Ni trogen 

0.0 

Water 

244.1 


3,058.8 


The recovery of by-product elemental sulfur from the suifur recovery 
system is 167 long tons/day, which amounts to an overall sulfur recovery of 
about 99.9 percent. 

4.1.7 System 6 - Air Separation 

The purpose of this unit is to supply oxygen to the gasifiers. The pro- 
cess is non-proprietary and is offered in package form by several designer/ 
manufacturers in the U. S. The gaseous oxygen stream of 98% purity is 
produced by distillation of liquified air. System 6 is shown schematically 
in Drawing Number •324-TX-06. 

In the unit, which consists of multiple trains, 1,628,000 Ibs/hr of 
atmospheric air is filtered and compressed to 110 psia by multi-stage com- 
pressors. Drivers are steam turbines with motors installed for start-up. 

The fil tered-compressed air is coded via cooled heat exchangers, then passes 
through reversing heat exchangers where it is cooled to slightly above its 
liquefaction temperature by heat exchange with the oxidant and waste gas 
streams, and by subsequent expansion through a turbine. 

Water and carbon dioxide freeze out in the reversing exchangers, and 
are therefore removed from the inlet air stream. Subsequent switching of the 
exchanger sublimes the water and carbon dioxide into vapor which is vented as 
waste. 
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The cold air then enters the high pressure column for Initial purifica- 
tion. The vapor at the top of the column Is nitrogen containing 10 ppm of 
oxygen. Most of this Is condensed In the high pressure condenser/low 
pressure reboll er and returned as reflux to the high pressure column. Some 
of this nitrogen vapor becomes the feed stream to the expansion turbine and 
some becomes low pressure product nitrogen gas after being superheated In 
the superheater and being warmed to about •ISO'^F In a reversing heat exchanger. 

Some of the nitrogen condensed in the condenser/ reboiler becomes the 
liquid nitrogen product. It Is first subcooled In the waste nitrogen core 
subcooler and then flashed Into the liquid nitrogen separator. Liquid nitro- 
gen product from the separator Is transferred to the liquid nitrogen storage. 

An impure reflux stream containing a small percentage of oxygen Is with- 
drawn at an intermediate point ’n the column. It Is subcooled c*.nd flashed 
into the top of the low pressure column. 

Tne final purification of oxygen takes place in the low pressure column. 
The feeds to this column are Impure reflux, and crude liquid oxygen from the 
high pressure column Is subcooled and passed through the hydrocarbon absorbers 
before being flashed into the low pressure column. Thi> procedures assures 
that all hydrocarbons are removed from the oxygen before purification. Pro- 
cessing the crude oxygen after it Is liquified assures that the absorption is 
done at a relatively constant pressure and temperature and thus limits the 
possibility of accidental desorption. 

As a further safeguard, a portion of the liquid oxygen in the low pres- 
sure sump is constantly withdrawn, passed through a guard hydrocarbon absorber 
and returned to the sump. This prevents trace quantities of hydrocarbons from 
accumulating in the low pressure sump. 

The separated oxygen from the cold box (at 2 psig and 70°F) is com- 
pressed, in six stages of compression, to 815 rsia for use in the gasifiers. 

Modules one and three have three trains each while modules two and four 
have two trains each of air separation. 

4.1.8 System 8 - Process Solids Treatment 

Approximately 69,003 pounds per hour per module of ash and slag from 
the gasifier and gas cooling system along with biological sludges and solid 
wastes from process condensate treatment are treated in this unit. 

Gravity settlers separate dense solids from the waste streams. 

Float thickeners-clarifiers treat slurry from the gravity settlers. 
Thickener and coagulant aids are added to facilitate solid-liquid separation. 
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Rotary drum filters filter sludges from the process condensate treat- 
ing systems and the float thickeners. 

Recovered water is sent to the process condensate treating system, and 
solids are conveyed to final solids disposal. 

4.1.9 System 13 - By-Product Processing 

Sulfur is the only plant by-product other than ash/char solids which 
are disposed of on-site. Molten sulfur is pumped to a prilling tower in a 
continuously flowing circulation system. In the tower, sulfur is dispensed 
in droplets through nozzles. Droplets fall counter current to a stream of 
cooling air and solidify prior to landing in the bottom prill collection 
section. From the prill tower, sulfur is conveyed to a storage building 
from which it is transferred by truck or barge for sale. Systan 13 is 
illustrated in Drawing Number 524-TX-13. 

4.1.10 System 14 - Plant Power System 

This system is generally designed to receive medium voltage electrical 
power (4.16 KV, 6.9 KV or 13.8 KV) and provide the following functions: 

(1) Develop the necessary voltage stepdown arrangement for plant 
requirements 

(2) Distribute the necessary power to the plant equipment. 

TVA's incoming substation transformers receive power from its primary 
distributed voltage switching station and step down this voltage to a medium 
voltage to supply the plant electrical power requirement for motors, heaters, 
lighting, and other miscellaneous loads. 

The Medium Voltage Electrical Distribution Systems is a secondary 
selection system (double ended supply) with several medium voltage buses. 

Each medium voltage bus receives power from its respective incoming substa- 
tion transformer through an incoming breaker and supplies power to the 
medium voltage distribution system through the feeder breakers. 

The Low Voltage Electrical Distribution System typically consists of 
multiple 480 V double-ended load centers and 480 V motor control centers 
(MCC's) supplying the power to 480 V loads throughout the plant. Two load 
centers are interconnected through a normally open tie breaker. In the 
event of loss of one load center transformer or its feeder, the 480 V loads 
of the affected load center are fed by the second load center through the 
tie breaker. 
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Each load center consists of an incoming line section, load center 
transformer, and low voltage section with metal enclosed draw out power 
circuit breakers. 

Load center transformers are air cooled, dry type, 150°F temperature 
rise, with delta connected primaries and wye connected secondaries. All 
load center feeder circuit breakers are 1600A frame and 50,000A RMS symme- 
trical interrupting capacity. The 480 V motor feeder breakers are electri- 
cally operated with instantaneous and long time trip units. 

480 V MCC's consist of starters, feeder circuit breakers and control 
devices, assembled in a common structure with horizontal and vertical buses. 

A 125 volt DC system supplies control power for medium voltage and 480 
volt plant switchgear control, protective relaying and annunciation. The 
system also supplies power for emergency lighting. 

4.1.11 System 15 - Steam Generation/Distribution 

In the absence of a waste heat boiler on the gasifier outlet there 
is no high pressure steam generated. Gas cooling and the sulfur plant 
provide 913,000 Ib/hr of 125 psia saturated steam used as follows: 

Selexol regenerator - 240,000 Ib/hr 

Electric power generation - 661,000 Ib/hr 
Turbine condensate reheat - 12,000 Ib/hr 

Gas cooling and the sulfur plant produce 173,000 Ib/hr of 65 psia saturated 
steam used as follows: 

Selexol unit refrigeration - 144,000 Ib/hr 

Sulfur heating - 2,000 Ibs/hr 

Steam tracing - 2,000 Ibs/hr 

BFW deaeration - 25,000 Ibs/hr 

Steam condensate is recovered at 30 psia and 250°F. Total BFW circulation 
rate is 1,086,500 Ib^/h’-. 

There are no fired steam boilers contained in the design. System 15 is 
shown in Drawing Number 524-TX-lO. 

4.1.12 System 16 - Water Supply 

The raw water treatment unit is designed to provide treated and un- 
treated water for the following facility water systems: 

(1) Fire water 

(2) Service water 

(3) Potable water 
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(4) Cooling water 

(5) Boiler feed water 

Raw water Is pumped from the river to a fire water-raw water storage tank. 

lie raw water-fire water storage tank provides surge capacity for water 
tre. viiient as well as storage capacity for fire water. During an emergency, 
fire water is pumped from the tank to the fire water heater system. The 
fire water pumps are motor driven and have a diesel engine driven spare. 

The spare pump is equipped with automatic start-up capability in case of 
power failure. 

The raw water is pumpod from the raw water-fire water storage tank to 
the softener-clarifier. Lime, alum, and polyelectrolyte from the clarifier 
bulk chemical storage and feed system are added to the softener-clarifier, 
which is equipped with an internal flocculation mechanism. The alum and 
polyelectrolyte aid in the removal of suspended solids from the raw water. 
Lime is added during the clarification step to "cold soften" the raw water. 
Chlorine is added to the raw water to inhibit algae growth in the clarifier 
and sand filters and reduce organic contamination. 

The underflow from the clarifier is a one wt percent sludge and is 
pumped to solids treatment for further processing. 

The clarified and softened raw water from the softener-clarifier flows 
to the self-backwashing sand filters where additional suspended solids are 
removed. A pressure differential across the filter bed initiates the back- 
wash cycle. The backwash flows by gravity to the sand filter backwash sump 
and is recycled to the softener-clarifier. The filtered water flows to the 
filtered water storage tank and is utilized as cooling tower make-up for the 
process cooling tower as service water for general plant use, as feed to the 
demineralizer package, and as feed to the potable water system. 

Water intended for potable services is chlorinated and again filtered 
to meet American Water Works Association (AWWA) standards and stored in a 
tank sized to hold a day's potable water requirements. The chlorine residual 
is maintained at 0. 5-1.0 ppm free chlorine in the tank. 

Filtered water intended as feed to the demineralizer package is injected 
with sodium sulfide to remove trace amounts of chlorine which adversely 
affect the demineralizer resins and after fiK^red through activated carbon 
to remove any remaining organic contaminants and dissolve iron. 

In the demineralizer, the mineral salts present in the water are removed 
by ion exchange. A two-step demineralization system, utilizing strong 
cation and strong anion exchangers in series, is provided. A degasifier 
following the strong cation and magnesium, which the anion exchangers remove 
anions such as chloride and sulfate. The strong anion exchanger also removes 


B-2-22 




THE BOM CORPORATION 



silica. The degasifier is provided to remove carbon dioxide and other 
dissolved gases. 

The mixed bed polisher is provided to remove silica to 0.02 ppm and to 
polish returned turbine condensate for reuse. 

The boiler feed water deaerating heaters operate at 30 psig and 250°F. 
The deaerators reduce the oxygen content of BFW to 0.005 cc/liter. 

Hydrazine or sodium sulfite is injected into the storage compartment of 
the deaerators for chemical scavenging of any residual oxygen. Morpholine 
is injected into the suction of the boiler feed water pumps to protect the 
condensate systems. 

The total water requirement is illustrated in Figure 4.2. Allowances 
for water treatment blowdown and contingency add to that shown to result in 
a total requirement of 2500 6PM per module. 

Drawing Number 524-TX-16 shows System 16. 

4.1.13 System 17 - Water Cooling 

The purpose of this unit is to provide cooling water to the various 
process users in the facility. 

The cooling tower system includes the tower and fans, side stream 
filters, circulating water pumps, cold water basin, blowdown system, chemi- 
cal addition equipment, and distribution system. 

Cooling water is pumped from the cold water basin, through the distri- 
bution system to the process heat exchangers where low-level, sensible heat 
is picked up, and back to the cooling tower. The cooling tower rejects low- 
level heat by evaporative cooling to air drawn through the cooling tower by 
the cooling tower fans. 

A portion of the circulating water is passed through side stream filters 
to reduce loading to suspended solids, dirt and scale. 

The dissolved solids level of the cooling water is maintained by a 
continuous blowdown stream to the process condensate system. Water level in 
the cooling tower basis is maintained by continuous make-up of the clean 
water from the raw water treatment system. 

The blowdown stream is passed through a blowdown treatment system to 
recover chromate ions via ion exchange or by chemical reduction to chromium 
hydroxide and is sent to waste treatment for disposal. 

Chlorine is added to the cooling water on a routine periodic basis to 
prevent algae growth. Chemical algicides are added periodically to further 
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eliminate algae growth. Sulfuric acid Is added to control pH, and zinc and 
chromate Inhibitors are added to the cooling water for corrosion control. 
Occasionally, a polyphosphate dispersant Is added to enhance the action of 
the Inhibitors. This system Is Illustrated In Drawing Number 524-TX-12. 

4.1.14 System 18 - Waste Water Treatment 

The purpose of this unit Is to collect and treat all plant liquid 
effluent streams. The plant design Is predicated on "zero discharge" and 
permits recycle and reuse of treated water. Streams treated Include the 
following; 

(1) Oily water sewers 

(2) Coal pile run-off 

(3) Storm water run-off 

(4) Oemlneralizer regenerant wastes and rinse water 

(5) Cooling tower blowdown 

(6) Sanitary waste water 

(7) Gasifier slag quench drains 

(8) Separated water from solids treatment 

(9) Filtrate from biological treatment. 

Process operations include: 

(1) on Separator - streams containing free and dissolved oil and treated 
In a gravity separator utilizing an emulsion breaking chemical and 
heat to separate the oil -water mixture 

(2) Sour Water Stripper - water streams with appreciable H^O and HN^ 
residuals are steam- stripped to remove these contaminants 

(3) Equalization Basin - liquid streams with extremely high or low pH 
are mixed in an equalizing basis and treated with sulfuric acid or 
caustic to change the mixed pH to a value of 6.0 - 8.0 

(4) Gravity Settling-Thickener - liquid streams with high suspended or 
dfssolWd solids are treated in a gravity settler-thickener and 
mixed with lime, alum, coagulant aids, and polymers to facilitate 
separation and thickening 

(5) Multiple Effect Evaporation - neutralized wastes and brines are 
evaporated to recover water and concentrate the solids. 

The recovered, treated water is used as make-up to cooling towers or 
raw water supply. The resultant solids are conveyed to the solids disposal 
system. System 18 is illustrated in Drawing Number 524-TX-18. 
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4.1.15 System 19 • General Facilities 


The purpose of this unit Is to provide equipment or services to support 
the gasification facility at the facility level. 

This unit Is a iieneral facility category and provides the following 
equipment and services: 

(1) Administration building 

(2) Laboratories 

(3) Change rooms 

(4) Warehouses 

(5) Maintenance buildings 

(6) Operation centers 

(7) Security offices 

(8) Plant air facility 

(9) Fire house 

(10) Visitor reception 

(11 ) Plant fencing 

(12) Plant lighting 

(13) Roads, bridges 

(14) Docking facil i ties 

(15) Interconnection pipe ways 

(16) Fire protection network 

(17) Flare stacks and headers 

(18) Plant instrument air compressors 

(19) Environmental monitoring 

(20) Site preparation. 


4.2 Module Balances 


Material and energy balances have been determined for each module. 
Vable 4.1 gives stream compositions and quantities for each intersystem 
stream. Table 4.2 gives an energy balance at the modular level. 
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5.0 PROCESS FLOW DIAGRAM AND EQUIPMENT LIST 

This section contains the process flow diagrams and the list of 
equipment for each module. The facility contains four times the quantity 
shown here except for the coal silos which are on a facility basis and 
System 5, which has two trains In Module 1 and only one train In subsequent 
modules. 
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EQUIPMENT LIST 
^ TVA MBG MODULE 

TEXACO GASIFIER 

SYSTEM NO: 1 - COAL PREPARATION i FEEDING 


SERVICE 


COAL STORAGE 



TRAMP IRON REMOVAL 


1-CV-l I COAL TRANSPORT TO 
SYSTEM 1 


1-BN-l : FEED SURGE 


l-CV-2 i CONTROL FEED RATE 


1-ME-l CRUSH COAL TO 
I 1/4" xO 


QUANTITY 


SPARE OPERATION 



l-S-2 SEPARATE COAL AT 1/4" | 1 


VIBRATING SCREEN 
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EQUIPMENT LIST 
TVA MBG MODULE 
TEXACO GASIFIER 

SYSTEM NO: 1 - COAL PREPARATION & FEEDING 


i£Seii service 


1-ME-2 FINE GRIND COAL 


QUANTITY 


SPARE I OPERATIOK 



PUMP SLURRY TO 

SCREENING OPERATION 


l-P-2 I CIRCULATE WATER FOR 

I SCREENING OPERATION 



DESCRIPTION 


ROD MILL (WET) 


CENTRIFUGAL SLURRY 
PUMP 


1-TK-l i ROD MILL EFFLUENT TANK 



FINAL PRODUCT SIZE 
CONTROL 



HOLDING TANKS 


l-ME-3 SLURRY WATER REDUCTION 


•3 SLURRY COMPOSITION 
CONTROL 


COLLECT CENTRIFUGE 
EFFLUENT 



CONICAL BOTTOM SLURRY 
TANK 


WET SCREEN 


1 

I 

! 

I 

i 

1 

1 

1 

1 

1 

STIRRED FEED SLURRY 

TANKS 

i 

1 

1 

! 

j 

i 

1 

CENTRIFUGE 


SLURRY TANK WITH 
DENSITY MONITORING 
FOR MAKEUP WATER 
CONTROL 


DATA SURGE TANK FOR 1 
SCREENING OPERATIONi 
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EQUIPMENT LIST 
TVA MBG MODULE 
TEXACO GASIFIER 

SYSTEM NO: 2 - COAL GASIFICATION 


2-V-l 


SERVICE 


COAL SLURRY RUN TANK 


QUANTITY 


SPARE I OPERATION 


DESCRIPTION 


ENCLOSED STIRRED 
TANK WITH PUMP 
AROUND SYSTEM 


2-P-l PUMP AROUND AND POSITIVE 
SUCTION SLURRY PUMP 


2-P-2 ! GASIFIER FEED PUMP 


2-R-l COAL GASIFICATION 


2-V-2 SLAG REMOVAL 


3 

1 

POSITIVE DISPLACEMENT 
HIGH PRESSURE 
SLURRY PUMP 

3 

TEXACO REALTOR SYSTEM 

3 

TEXACO SLAG REMOVAL 
SYSTEM 
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tva "lE 

Tr^' ACO C as: TIER 

'Ey NO: 3 - INITIAL CAS n.F.AVUP i COOLING 



SERVICE 


110 PSIG STE.AM 
GENERATOR 


50 PSIG STE.AM GLNERATOR 

boiler FEEDN.ATER i> 

lE.ATER 

P.AW GAS AIR TOOLE? 

L 

TRIM COOLER 



QUANTITY 


SPARE I OPERATION 


KNOCKOUT DRUM 


KNOCKOUT DRUM 














DESCRIPTION 


818.9 MM Btu/hr TOTAL 
KETTLE TYPE, 

15,000 SQ FT/UNIT 
SHELL: CS; TUBES: SS 


144.5 MM Btu/hr TOTAL 
KETTLE TYPE, 

10 030 SQ FT/UNIT 
SHELL: CS; TUBES: SS 


53.5 ^^M Btu/hr 
T\-PE AEL 
17,650 SQ FT 
SHELL: CS; TUBES: SS 


100.0 >DBtu/hr 
AIR COOLER 

FOUR BAYS, EA. 28'x30' 
6 TUBE ROWS, SS TUBES 


10.0 >!M Btu/hr 
TYPE AEL 
5650 SQ FT 

SHELL: CS; TUBES: SS 





VERTICAL VESSEL 
120" ID X 12 '-0" T/T 
C.S. 

DT: 450°F; DP: 700 PSIC 


VERTIC.AL VESSEL 
108" ID X 11 ’-0" T/T 

C.S. 

DT: 380‘’F; DP: 700 PSIC 


VERTIC.AL VESSEL 
lo;" ID X 10 ’-6" T/T 
C.S. „ 
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SYSTEM NO: 3 


r.’J..".\T 1.1 ST 
7’ i. :• •’O-E 
470 r-.sir'lER 

iNiriAj. r.'.s Cl. r.i«NLT a cooling 


ITEH 

NUMBER 


SERVICE 


KNOCKOUT DRUM 


QUANTITY 


SPARE OPERATION 


DESCRIPTION 


VERTICAL VESSEL 
90" ID X 9 '-6" T/T 
C.S. 

DT: 200°F; DP: 700 PSIG 


>C-!0N1A SCRUEBER 


VERTICAL VESSEL 
114" ID X 20' -0" T/T 
C.S. w/6 SS SIEVE TRAYS 
DT: 150®F; DP: 700 PSIG 


HOT PROCESS 
CONDE.'iS.i.TE i UMP 


COOL PROCESS 
CONDENSATE PUMP 


.AMMONIA SCRUBBER 
BOTTOMS PUMP 


2. 

CENTRIFUGAL PUMP 
CS/CI 

DESIGN GPM - 1565 

P - 60 PSI 

2 

CENTRIRTGAL PUMP 
CS/CI 

DESIGN GPM - 72 

P - 50 PSI 


CENTRIFUGAL PUMP 
CS/CI 

DESIGN GPM - 93 

P - 50 PSI 


G.AS SCRUBBING L'NIT 


EX.ACO PROFF.IET.ARY 
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EQUIPMENT LIST 
TVA MBG MODULE 
TEXACO GASIFIER 

SYSTEM NO. 4 - ACID GAS REMOVAL 





SERVICE 


SOLVENT KNOCK-OUT 
DRUM 


•2 SOLVENT FLASH 

DRUM 


REGENERATOR 

KNOCK-OUT 


ACID GAS ABSORBER 





SOLVENT REGENERATOR 


SOLVENT CHILLER 


REGENERATOR FEED 
PREHEAT EXCHANGER 


QUANTITY 


SPARE I OPERATION 



0 

1 

1 

1 

0 

1 

0 

1 

0 

1 

! 

0 I 

L 

1 

1 


SHELL & TUBE 
EXCHANGER 


AIR FAN 
EXCHANGER 
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EQUIPMENT LIST 
TVA MBG MODULE 
TEXACO GASIFIER 


SYSTEM NO. 4 ACID GAS REMOVER 



"1 

ITEM 

NUMBER 

SERVICE 

i QUANTITY 

1 SPARE ! OPERATION 

DESCRIPTION 


4-P-l 

SOLVENT 

CIRCULATION 

PUMP 

1 

i 

1 

1 

i 

■ 

4-P-2 

REGENERATOR 
REFLEX PUMP 

1 

1 

1 

1 


4-P-3 

SOLVENT TRANSFER 
PUMP 

1 

1 


)N 

1 

4-TK-l 

SOLVENT 
STORAGE TANK 

0 

1 


4-ME-l 

1 

TEG GAS DRYING 
PACKAGE 

0 

1 

INCLUDES TEG CIRCULATH 
PUMP, TEG CONTRACTOR 
AND TEG REGENERATOR 

4-C-l 

RECYCLE VAPOR 
COMPRESSOR 

0 

1 i 
1 

1 

1 

1 

1 

i 

1 

1 

4-HT-l 

RICH SOLVENT ! 

LET DC*-;, TURBINE 1 

1 

1 

i 

0 

1 

1 

1 

t 

I 

» 

1 


i 

1 

1 

1 

1 

1 


1 

1 

1 

1 

» 
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EQUIPMENT LIST 
TVA MBG liOOULE 
TEXACO GASIFIER 

YTEM NO. 5 SULFUR RECOVER 4 TAIL GAS CLEAN-UP 



SERVICE 


SULFUR PRODUCT 
PUMP 


STRETFORD SOUR 
WATER PUMP 


REACTION FURNACE 
AIR BLOWER 


AIR OXIDATION MIX 
TANK 


STRETFORD SULFUR 
SEPARATOR MELTOR 


MOLTER SULFwR 
STORAGE PIT 


QUANTITY 


SPARE I OPERATION 


REDOX SOLUTION 
CIRCULATI-ON PUMP 

1 

1 

1 

STRETFORD SULFUR 
TRANSFER PUMP 

1 

1 
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SYSTEM 


EQUIPMENT LIST 

TVA MBG MODULE 
TEXACO GASIFIER 
NO. 5 SULFUR RECOVERY 




Poor quauty 


& TAIL GAS CLEAN-UP 


NOTE: THIS ENTIRE UNIT IS DUPLICATED IN MODULE 1 ONLY 

ITEM 

NUMBER 

SERVICE 

QUANTITY 

DESCRIPTION 

SPARE 

OPERATION 

5-V-l 

ACID GAS 

KNOCK - OUT DRUM 

1 

i 

0 

1 


5-R-l 

REACTION FURNACE 

0 

1 

ACID GAS BURNER 
AND STEAM GENERATION 

5-R-2.3.4 

SULFUR CONVERTERS 

0 

3 

HORIZONTAL REACTORS 

5-R-S 

BEAVON REACTORS 

0 

1 

HORIZONTAL GAS 
HYDROLYSIS REACTOR 

IS-T-l 

i 

1 

1 

I 

BEAVON UNIT 
CONDENSER 

0 

1 


5-T-2 

STRETFORD 

ABSORBER 

1 

0 

1 

1 

! 

1 

5-E-l,2,3,4 

SULFUR CONDENSORS 

0 I 4 

I 

I 

j 

I 

1 SHELL & TUBE ! 

EXCHANGER 

1 

I 

5-E-5 

BEAVON UNIT GAS 
COOLER 

0 

1 

( 

1 

1 

• 

SHELL & TUBE 
EXCHANGER 

I 5 -E -6 

i 

1 

1 

STRETFORD RECYCLE 
COOLER 

0 

1 



1 

t 

i 

: 1 
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13-T-1 


13-P-l 


SERVICE 


MOLTEN SULFUR 
STORAGE TANK 


PRILL TOWER 
FEED PUMP 


QUANTITY 


SPARE 


DESCRIPTION 


STEAM HEATED 
500 TONS EACH 


13-S-l I PRILLING TOWER 


13-S-2 

- PRILLED SULFUR ' 


; CONVEYOR 1 0 

, 1 

• 

1 




13-S-3 

1 PRILLED SULFUR ! 


j STORAGE 1 0 

1 j 


5000 TONS 
STORAGE BUILDING 
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1.0 INTRODUCTION 

The United States, after a number of years of development based 
on plentiful and Inexpensive oil and natural gas. Is entering a period 
of time when It Is essential to supplement these energy sources by 
the Increased use of coal. Coal Is the nation's most plentiful fossil 
fuel. Coal gasification Is a means of accomplishing this. While utili- 
zation of coal through conversion to gaseous products Is not new there 
Is no Industry within the US which might serve as a base for establishing 
cost, operational reliability and requirements, and design data for 
the large scale environmentally acceptable plants needed. 

The Tennessee Valley Authority with systems engineering and analysis 
support from the George C. Marshall Space Flight Center has Initiated 
a project which would establish the commercial base and demonstrate 
the requirements for gasifying coal In a large Integrated facility. 

The project consists of gasifying 20.00C tens per day of Eastern coal 
In a four module plant-the construction or which Is staggered to accom- 
modate efficient use of construction manpowe** and product market develop- 
ment. 

The purpose of this study is the systematic engineering and cost 
analysis of five selected gasifier technologies and the other associated 
systems required to produce medium BTU gas for delivery into a 600 psig 
distribution system in Northern Alabama. This effort in a series of 
design studies provides a reference basis for selection of the final 
plant configuration and choice of process technologies. 

The methodology consists of selection of a systematic breakdown of 
the facility for purpose of study, identification of available technologies 
for each system, development of a definition level design and cost analysis 
for each system, conducting a series of trade studies using the definition 
design as a basis, and finally development of reference facility designs 
and cost analyses based on the previous work. 

This report covers the work done in establishing a Reference Facility 
Design based on Babcock and Wilcox coal gasification technology. It is 
one of three such designs, the other two being based on Koppers-Totzek and 
Texaco coal gasification processes. The design covers a complete grass 
roots facility site at Murphy Hill, Alabama. The plant inputs are coal, water 
and electricity. The plant outputs are medium BTU gas (MBG) and solidified 
sulfur. 

The design approach involved breaking each of four identical modules 
into process and support systems followed by analysis of each system 
through identification of available technologies and use of the comparative 
trade studies to select the preferred processes for each system. 
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2.0 SUMMARY 

A four module, 20,000 TPO, based on 6&W coal gasification tech- 
nology has been designed. The plant processes Kentucky No. 9 coal 
with provisions for up to five percent North Alabama coal. Coal trans- 
portation Is by river barge except for the Alabama coal which Is trucked 
to the site. Medium BTU gas with heat content of 303 BTU/SCF and not 
more than 200 ppm sulfur Is the primary plant product. Sulfur Is recovered 
for sale as prilled sulfur. Ash disposal Is on site. The plant Is designed 
for zero water discharge. Trade studies provided the basis for not using 
boiler produced steam to drive prime movers. Thus process derived steam 
In excess o^ process requirements Is superheated for power use In prime 
movers. Electricity from the TVA grid Is used to supply the balance of 
the plant prime mover power requirements. A study of the effect of mine- 
mouth coal cleaning showed that coal cleaning Is not an economically 
preferred route. 

The plant design was arrived at by a systematic procedure based on 
published design work, process trade studies, team engineering experience, 
a NASA provided module level definition of some twenty systems, and the 
TVA document, "Design Criteria for Conceptual Designs and Assessments of 
TVA's Coal Gasification Demonstration Plant," March, 1980. 

The overall plant configuration Is shown schematically In Figure 2.1. 

As shown. General Facilities, Instrumentation and Control, and Coal Handling 
serve plant wide functions. All other plant components are contained In 
four identical process modules. The Instrumentation and Control System 
operates to monitor overall plant performance and to control intermodule 
relationships. The total list of systems Is given in Table 2.1. 

The design procedure involved defining available processes to meet 
the requirements of each system, technical /economic trade studies to 
select the preferred processes, and engineering design and flow sheet 
development for each module. Cost studies assumed a staggered construction 
schedule for the four modules beginning spring 1981 and a 90 percent on 
stream factor. 

The basis and results of the design study are given in Tables 2.2 and 

2.3. 
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SYSTEM NO. 

1 

2 

3 

4 

5 

6 

7 

8 

10 

11 

12 

13 

14 

15 

16 

17 

18 
19 


TABLE 2.1. LIST OF SYSTEMS 


NUMBER OF COST UNITS 

PER MODULE PER FACILITY SYSTEM DESCRIPTION 


1 

3 

3 

1 

1 

2 

1 

1 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 


4 

12 

12 

4 

5 
8 
4 
4 
1 
1 
1 
4 
4 
4 
4 
4 
4 
1 


COAL PREPARATION AND FEEDING 
GASIFICATION 

INITIAL GAS CLEANUP AND COOLING 

ACID GAS REMOVAL 

SULFUR RECOVERY 

AIR SEPARATION 

COMPRESSION 

PROCESS SOLIDS TREATMENT 
INSTRUMENTATION AND CONTROL 
COAL HANDLING 
SOLIDS DISPOSAL 
BY-PRODUCT PROCESSING 
PLANT POWER SYSTEM 
STEAM GENERATION/OISTRIBUTION 
RAW WATER MAKE-UP 
COOLING WATER SYSTEM 
WASTE WATER TREATMENT 
GENERAL FACILITIES 
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TABLt 2.2. DESIGN BASIS SUMMARY* 


PLANT CAPACITY 

20,000 TPD 

PLANT TYPE 

FOUR INDEPENDENT MODULES 

COAL TYPE 

KENTUCKY NO. 9 

PLANT SERVICE FACTOR 

90 PER CENT 

PLANT LIFE 

20 YEARS EACH MODULE 

ELECTRICITY SOURCE 

TVA GRID-4. 16KV, 6.9KV, 

WATER 

TENNESSEE RIVER 

COAL RECEIPT 

BARGE * 5 % BY TRUCK 

PRODUCT DELIVERY 

MBG AT 600 PSIG 

PRODUCT QUALITY 

MINIMUM 285 Btu/SCF 

SULFUR 

PRILLED 

COAL COST (1980) 

$1. 25/MM Btu 

LAND COST (1980) 

S3, 000/ ACRE 

CLEARING AND GRUBBING (1980) 

$2, 000/ ACRE 

ELECTRICITY COSTS (1980) 


BY-PRODUCT CREDIT 

NONE 

ESCALATION 

AS PER TVA SPECIFICATION 


*Design Criteria for Conceptual Designs and Assessments of 
TVA's Coal Gasification Demonstration Plant," Tennessee 
Valley Authority, March, 1980 
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TABLE 2.3. DESIGN STUDY RESULTS* 


FEED COAL 
WATER 

PURCHASED ELECTRICITY 
MBG PRODUCT 
MBG PRODUCT 
MBG QUALITY 

SULFUR PRODUCT (PRILLED) 

SULFUR PRODUCT 

TOTAL CAPITAL REQUIREMENTS** 
OPERATING AND MAINTENANCE COSTS 
COAL, CATALYST, CHEMICALS 


6,570,000 TPY 
14,000 GPM 
183 KUHY 
976 M MSCFD 
322 m MSCFY 
303 BTU/SCF 
673 LTPD 
222,000 LTPY 
$3,347 MM ($2,567 MM) 
$138 MM/YR 
$181 M1/YR 


PLANT OPERATING STAFF 


271 PERSONS 


MAINTENANCE/ YEAR 97 MM 

* COSTS ARE IN 1980 DOLLARS 

**BASED ON INSTALLATION FACTOR OF 2.31 AND 1.5. 

(SEE CHAPTER V.A.) 
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Designs in this study were based on published works, engineering 
experience and judgments, and consultations with appropriate process 
and equipment vendors followed by design calculations, flow process 
sheet development and documentation. 

Cost estimates are based on normal conceptual level design estimat- 
ing procedures as described ^n the "Coal Estimation and Economic 
Evaluation Methodology," BDM/W-80-258-TR-RV2, submitted as another part 
of this project work scope and reprinted as Appendix E* Schedule esti- 
mates are In accordance with overall guidelines furnished by NASA. 

Details of the schedule are considered typical for projects of this 
type and while they do not represent a detailed analysis specific to 
this project they represent the complexity and Illustrate schedule con- 
straints associated with the subject project. Process flow diagrams are 
Included for the nialn process systems, air separation system, cooling 
water system, and steam distribution system as aids In following written 
system descriptions. 

Technical results of the study are reported In this appendix. A ccst 
analysis Is Included as a part of Appendix D* 
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3.0 OVERALL FACILITY DESCRIPTION 

This section presents and discusses the process design of a plant 
designed to gasify 20,000 tons per day of coal In four 5000 TPD modules 
and to produce a med1um*Btu product fuel gas (MBG) with a higher heating 
value of 303 Stu/SCF. The plant design Is based upon using entrained 
flow gasifiers as offered by the Babcock & Wilcox Company, and upon the 
design criteria (coal characteristics, product specifications, site data, 
etc.) set forth by the Tennessee Valley Authority In March, 1980. 

3.1 Overall Plant Processing 

The overall plant configuration Is shown In the block flow diagram, 
see Figure 2.1. Kentucky No. 9 coal Is received by barge and either 
placed In a dead storage pile or processed In System 11, Coal Handling. 
Provisions have also been made to receive up to five per cent of plant 
capacity by truck. Dead storage provides for 90 days of supply In Interrup 
tion. 


Coal, either directly from barges or from dead storage. Is processed In 
a Bradford breaker and conveyed to four process modules of 5000 TPD capacity 
each. 


In each module, the raw coal fed to the plant from System 11 Is crushed 
and dried In System 1 and fed to System 2, the Babcock & Wilcox gasifiers, 
along with unconverted char which Is recovered and recycled from the gasifier 
outlet gas cyclones. The feed coal and recycle char are partially combusted 
(within the gasifier), with oxygen supplied from the air separation plant, to 
form a raw product gas which Is »“1ch In carbon monoxide and hydrogen. The 
raw gas leaves the gasifiers at 1800°F and 240 psia, passes through primary 
cyclones for partial recovery of char recycle, and Is then cooled to 450°F In 
waste heat recovery boilers. Heat recovered In the waste heat boilers and 
from the gasifiers Is used to generate steam for the plant. The raw gas from 
the waste heat boilers passes through secondary cyclones for additional 
recovery of char recycle. The gas Is then further cooled to 100°F In Venturi 
scrubbers, which also function to dehumidify the gas and to remove residual 
char and ash particulates. In System 3. .nitlal Gas Cleanup and Cooling System. 

The raw gas leaves the Venturi scrubbers at lOO^F and about 200 psia. 

It Is then compressed In System 7 to about 640-650 psia and sent to System 4, 
the Acid Gas Removal, where essentially all of the hydrogen sulfide and 
carbonyl sulfide, and about 45 per cent of the carbon dioxide contained In 
the raw gas Is removed. The acid gas removal system uses the Selexol process 
(licensed by the Allied Chemical Corporation) In which a physical solvent 
(the dimethyl ether of polyethylene glycol) absorbs and removes hydrogen 
sulfide, carbonyl sulfide and the concomitant carbon dioxide from the raw 
gas. 
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The acid gas (hydrogen sulfide* carbonyl sulfide and carbon dioxide) 

Is recovered from the Sefexol solvent and processed In System 5, Sulfur 
Recovery and Tall Gas Treatment* wherein over 99 per cent of the hydrogen 
sulfide and carbonyl sulfide Is converted Into 188 short tons/day of 
by-product elemental sulfur. The sulfur recovery unit utilizes the conven- 
tional Claus process to convert about 90 to 95 per cent of the hydrogen 
sulfide (and some of the carbonyl sulfide) In the acid gas Into by-product 
sulfur. The residual tall gas from the Claus unH Is then processed In a 
Beavon-Stretford unit to recover additional by-product sulfur. 

Oxygen utilized for the partial combustion of coal and recycle char In 
the gasifiers Is produced In System 7, a conventional air separation plant. 
Atmospheric air Is compressed to about 100 psla* cooled to 100°F and then 
separated cryogenically Into oxygen and nitrogen at about 2 psig. The oxygen 
Is compressed to about 290 psla for use In the gasifiers. A small portion 
of the nitrogen Is also compressed, to about 295 psla* for use In transporting 
pulverized coal Into the gasifiers. 

In addition to the systems contained In each module and described In 
Section 4, the plant consists of System 10* the overall plant monitoring and 
control system; System 11* the coal handling and storage system serving all 
four modules; and System 12, the solid waste disposal system serving the 
total facility. 

The purpose of System 10 Is to provide operational monitoring and super- 
visory master control of module operations. The system Includes instrumenta- 
tion to measure key characteristics of all major streams (mass* temperature* 
pressure* composition* density* and/or others as appropriate) and to display 
these characteristics in a central location. A dedicated computer is pro- 
vided to record data of interest at the facility management level. Telecom- 
munications capabilities are provided to conmunicate with module and systems 
operations as required to control total plant operation to meet delivery 
requirements. 

System 11* the Coal Handling System* provides for the unloading of coal 
delivered to the plant either iy barge or truck* reclaiming the coal from 
storage* reducing the size of coal* and transporting the coal to Coal Prepara- 
tion and Feeding* System 1. 

Raw coal is unloaded from barges by the barge unloading subsystem which 
is designed to unload up to ten 1500-ton capacity barges per shift. The coal 
is unloaded at an average rate of 1200 tons per hour on a five-day week basis. 
Coal is transferred by conveyor to a radial stacker which then produces a 
kidney-shaped coal pile containing live and dead storage. Coal is reclaimed 
from live storage and conveyed to a Bradford breaker where it is reduced in 
size to 1.25x0. Coal from trucks is unloaded into a chute from which it is 
conveyed to the Bradford breaker. Crushed coal from the Bradford breaker is 
transported to day storage silos from which it is transferred via vibrating 
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belt conveyors to coal preparation and feeding. System 1, for further process 
Ing. Coal fines from the Bradford breaker are collected and sent to the gasi 
ficatlon unit, System 2. 

The purpose of System 12 Is to store solid waste generated by facility 
operation during the facility life. 

This system consists of a lined Impounding pit sized to contain 20 years 
of solid waste. It Includes the conveyor system to move the solids to the 
pit and a leachate recovery area to recover and pump leachate to the process 
condensate system. 

Module descriptions are the subject of Section 4. 

3.2 Facility Balances 

The key material Inputs and product outputs for the overall plant 
may be sumnarized as: 


INPUTS: 

Raw Coal 

20,000 short tons/day 


98* Oxygen 

15,400 short tons/day 


Raw Water Intake 

14,000 gpm 


Imported Electric Power 

68 MU 

OUTPUTS: 

Product Gas 

976 MM SCFO 


By-product Sulfur 

673 long tons/day 


Solids to Disposal (Wet) 

4,335 tons/day 


Solids to Disposal (Dry) 

3,252 tons/day 


Table 3.1 gives the thermal efficiency for the facility. Table 
3.2 gives the final product characteristics. 
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TABLE 3.1. CONVERSION EFFICIENCY - BABCOCK i WILCOX PROCESS 
20,000 TPO FACILITY 


INPUTS 

10^ BTU/HR 

PER CENT 

Q COAL TO FACILITY 

18,300 


0 ELECTRIC POWER TO FACILITY 

80 


OUTPUTS 

0 MBG FROM FACILITY 

12,235 


® COAL FINES FROM FACILITY 

-0- 


EFFICIENCY 

COAL-TO MBG ( (3) f 0 ) x 100“ 


66.9 

OVERALL PRODUCT EFFICIENCY (3) ♦ ( 0 ♦ 0 ) x 

o 

o 

66.6 

OVERALL FACILITY EFFICIENCY 0 + 0 ♦ (0+0 

) X 100« 

66.6 
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TABLE 3.2. PRODUCT CHARACTERISTICS 


CARBON MONOXIDE 
HYDROGEN 

NITROGEN AND ARGON 
CARBON DIOXIDE 


HYDROGEN SULFIDE 
CARBONYL SULFIDE 
TOTAL SULFUR 
WATER VAPOR 
HIGHER HEATING VALUE 
TEMPERATURE 
PRESSURE 


VOLUME PER CENT 

63.3 
30.7 

3.4 

2.6 

100.0 

4.4 PPM VOLUME 
19.9 PPM VOLUME 

24.3 PPM VOLUME 
7.0 LBS/ftI SCF 
303 BTU/SCF 

75 °F 
615 PSIA 
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i 4.0 MODULE DESCRIPTIONS 

Each of the four modules In the plant consist of identical sequences 
of process systems as given in Table 2.1. Process flow diagrams and an 
equipment list are included in Section 5 for the principal process systems 
and such auxiliary systems, as cooling water and steam systems. 

Each module receives 5000 TPD of coal from System 11, Coal Handling. 

The sequence of processing shown in Figure 2.1 is repeated in each of the 
I four modules. Descriptions of each modular system are as follows. 

^ 4.1 System Descriptions 

j 4.1.1 System 1 - Coal Preparation and Feeding 

The coal preparation system receives 5,000 tons/day of crushed, 
raw coal ranging in size from 1.25" to 0". The raw coal is first pulverized 
(to 70* passing through a 200 mesh screen) and dried. Drying is accom- 
plished by sweeping hot flue gas, at 450°F, through the coal pulverizer. 

The hot flue gas is generated in a direct-fired air heater using MB6 
produced inplant as fuel. The dry, pulverized coal is separated from the 
flue gas in a cyclone recovering about 80 percent of the coal. The remain- 
ing 20 percent of the pulverized coal (fines) in the flue gas is re- 
covered by venting the flue gas through a fabric filter baghouse. The 
pulverized coal from the cyclone and from the baghouse sent to a reservoir 
tank of about 8 hours storage, where it is stored at atmospheric pressure. 

Since the gasifier operates at a pressure of 240 psia, it is necessary 
to pressurize the coal to about 290 psia for transport and injection into 
the gasifier. Two lock hoppers, each of 20 minutes storage, are pressured 
with compressed nitrogen. The nitrogen is obtained from the air separation 
plant. The pressurized coal from the lock hoppers is fed into a pressurized 
coal feed tank of about 40 minutes storage, from which the pulverized coal 
is transported to the gasifier using a portion of the compressed nitrogen 
as the transport medium. 

Each of the lock hoppers operates in sequence with this cycle: 

• The lock hopper receives coal from the reservoir tank at 
atmospheric pressure. 

• The hopper inlet and outlet valves are closed, and the hopper 
is pressurized with compressed nitrogen. 

• The hopper is held under pressure until feeding is re- 
quired, as signalled by hydraulic load cells on the 
gasifier coal feed tank. 
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• The hopper outlet valve Is opened and coal flows into the 
gasifier coal feed tank. 

• The hopper outlet valve is closed and the hopper vent valve 
is opened. The hopper is de-pressured and compressed 
nitrogen is vented through a baghouse for recovery of coal 
fines. 

• The de-pressured lock hopper is ready to again receive 
coal from the coal reservoir tank. 

Coal from the gasifier coal feed tank is continuously transported, using 
compressed nitrogen, into the gasifier. Drawing No. 524-BW-Ol illustrates 
this system as well as Systems 2 and 3. 

4.1.2 System 2 - Gasification 

The gasification system includes coal, oxygen and recycle char injection 
nozzles, the gasifier vessel, slag removal equipment and a steam drum system. 

The gasifier vessel consists of a vertical, cylindrical outer steel 
shell with an inner shell of water-cooled tubes (water wall) in which steam 
is generated by heat transferred into the tubes from the gasification zone. 

In the hot reaction zone (lower part of the gasifier), the tubes are covered 
with a dense refractory to protect the tubes from the molten, flowing slag 
and yet permit the high temperature required to maintain the gasification 
reactions and to maintain the slag as a molten fluid. Above the hot 
reaction zone, the gasification reactions are essentially completed and 
molten slag is not present. Thus, the inner shell of water-cooled tubes 
in the upper part of the gasifier is left bare (no refractory covering) to 
maximize heat transfer from the hot raw gas product into the tubes. The 
raw gas leaves the gasifier top at 1,800”F and 200 psia, and the molten slag 
leaves the gasifier bottom at 3,000°F. 

Coal recycle char and oxygen are injected into the gasifier at two 
levels near the vessel bottom. Each level has a ring header with injection 
nozzles distributed around the periphery of the vessel. 

The molten slag formed in the gasifier is a mixture of ash (from the 
feed coal) and unconverted coal char. The molten slag drains continuously 
from the gasifier bottom and is quenched and shattered in a water-filled, 
pressurized slag quench tank. At intermittent intervals, the quenched slag 
is drained from the quench tank into a slag lock hopper from which the slag 
is sluiced to dewatering facilities. 


I 
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Water from an elevated steam drum is pumped into the bottom of the 
gasifier's water-cooled tubes, and a mixture of steam and water returns 
from the top of the tubes to the steam drum. The steam-water mixture is 
separated in the steam drum. The steam is made available tor use within 
the plant and the water is recirculated to the gasifier tubes. Makeup 
boiler feedwater enters the steam drum and boiler blowdown water is dis- 
charged from the drum. 

4.1.3 System 3 - Initial Gas Cleanup and Cooling 

Complete gasification of the coal is not realized in one pass through 
the gasifier. Therefore, facilities are provided to recover char (coal ash 
and unconverted coal) from the raw product gas and to recycle it into the 
gasifier. Two cyclone stages are provided for that purpose. The hot gas 
from the gasifier flows through the primary char recovery cyclone stage at 
1800°F and is cooled down to 450°F in the WHB (waste heat recovery boiler). 
The 450°F gas then flows through the secondary char recovery cyclone stage. 
The collected char from the primary and secondary cyclones is transported 
back into the gasifier injection nozzles by using steam as the transport 
medium. The 1800°F char from the primary cyclone passes through a char 
cooler and is cooled to 1200°F. The recycle char mixture of primary cyclone 
char (1200°FJ, secondary cyclone char (450°F) and steam has a temperature 
of about 900°F entering the gasifiers. 

The WHB is designed to remove sensible heat from the hot raw gas as 
it is cooled from 1800°F down to 450°F and convert the recovered heat into 
steam. This is accomplished by using an inner shell of water-cooled tubes 
(water wall) as well as tubes configured cross-current to the gas flow. 

The 450°F raw gas leaving the secondary char cyclone still contains a 
significant amount of unrecgvered char and is well above its water dewpoint 
(calculated to be about 190°F). The gas passes through a Venturi scrubber 
and is cooled to 100°F, which is below its water dewpoint and therefore 
water is condensed out of the gas (i.e., the gas is dehumidified). At 
the same time, the Venturi scrubber removes essentially all of the residual 
char particulates from the gas. The clean, cool gas then flows to the gas 
compressors. Since the gas still contains sulfur compounds (hydrogen sulfide 
and carbonyl sulfide), it is referred to as 'sour' gas. 

The gas cooling facilities in the gas cleaning and cooling train may be 
summarized as: 

Waste Heat Boiler: Cools the gas from 1800°F to 450°F and re- 

covers 340 million Btu/hr of heat which is converted into 
steam. The waste heat boiler includes a steam drum similar 
to the one described above for the gasifier. 
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Venturi Scrubber: Cools the gas from 450°F to 100°F and con- 
denses out 22,500 Ibs/hr (45 gpm) of water. The total heat 
removed is 104 million Btu/hr. 70 million Btu/hr is re- 
moved by water-cooling a circulating sidestream in the upper 
section of the Venturi scrubber, and 34 million Btu/hr is 
removed by makeup water fed to the scruLber. 

The performance of the char removal facilities in the gas cleaning and 
cooling train may be summarized as: 

Primary Char Cyclone: Removes 85% of the char in the gasifier 

outlet gas. 

Secondary Char Cyclone: Removes 33% of the residual char (5% of 

the original char content). 

Venturi Scrubber: Removes essentially 100% of the residual 

char (10% of the original char content). 

Discussion of Process Design Elements 

The raw coal feed rate of 5,000 T/D per gasification module was 
established in the Tennessee Valley Authority's design criteria. As 
tabulated later herein, some of the sub-systems within the 5,000 T/D 
module were designed as single trains and some as multiple trains. For 
example, t! ^ gasifier sub-system was designed as three trains (each of 
2,500 T/D coal gasification) with two trains in operation and the third 
train in standby service. HOWEVER, ALL OF THE DESIGN DATA PRESENTED IN 
THIS DISCUSSION (AND ON THE GASIFICATION SECTION PROCESS DESIGN DIAGRAM) 

ARE FOR THE FULL 5,000 T/D COAL GASIFICATION MODULE. 


During the work on this project, preliminary design information was 
made available by the Babcock & Wilcox Company. That information is re- 
ferred to herein as the 'B&W design', which compares in feed rate with the 
design herein as follows: 


Raw coal feed, T/D 
Raw coal moisture, % 
Dry coal feed, T/D 
Dry coal moisture, % 


This Design 

5,000 

9.6 

4,824 

2.0 


B&W Design 

5,368 

6.9 

5,000 

0.0 


The coal drying equipment was designed to reduce the water content of 
the coal from 9.6 percent in the raw coal to 2.0 percent in the dry, pul- 
verized coal, which requires removing 32,200 Ibs/hr of water from the coal. 
Removing that amount of water, and heating the coal to 150°F, requires about 
50 million Btu/hr of heat including an allowance for heat loss. The amount 
of flue gas, entering the pulverizer at 450°F and leaving at 150°F, must be 
about 695,000 Ibs/hr to transfer 50 million Btu/hr of heat. To generate a 
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flue gas at 450°F. the d1rect-f1red air heater must be supplied with about 
10.5 times the stoichiometric combustion air needed to burn the MBG fuel gas. 
Thus, the required air rate to the heater Is 142,000 SCFM and the fuel re- 
quired Is 70 million Btu/hr. 

t Pressurizing the coal lock hoppers and feed tank was taken to require 
about 17,000 Ibs/hr. The amount of nitrogen needed to transport dry coal 
Into the gasifiers was also taken to be 17,000 Ibs/hr, and that amount of 
nitrogen was Included In the hot product gas from the gasifier In addition 
to the nitrogen derived from the coal Itself. 

All of the flue gas from the pulverizer and all of the pressurizing 
nitrogen was assumed to be vented from the two baghouses In the coal 
preparation system. 

Compressing 34,000 Ibs/hr of nitrogen was calculated to require 
2,431 HP of compression. 

A material balance around the gasifier was developed by pro-rating 
from the B4W design. Based on that material balance, the carbon con- 
version In the gasifier was calculated to be 97.5 percent, which coincides 
with B&W's design Information for the selected oxygen-to-coal ratio. The 
material balance was checked to see that each component (carbon, oxygen, 
nitrogen, hydrogen and ash) also balanced. After confirming the material 
balance, an enthalpy data base was developed and the heat balance around 
the gasifier was calculated. The heat balance Indicated that about 500 
million Btu/hr must be removed from the gasifier by generating steam, which 
coincides quite well with the B&U design. 

Having confirmed the enthalpy data base, the slag quench duty of 
42 million Btu/hr and the recycle char cooling duty of 25 million Btu/hr 
were calculated by using that enthalpy data base. 

Using the same enthalpy data base, a heat curve was developed for 
the gasifier outlet gas, plotting Incremental heat content versus temper- 
ature, f T 1800°F down to 100°F. The heat curve Indicated that about 340 
million Btu/hr could be recovered by cooling the gas from 1800°F down to 
450°F, which again coincides quite well with the B&W design and further 
validates the enthalpy data base which was used. 

Q The heat curve also indicated that cooling of the gas from 450°F to 
100°F in the Venturi scrubber would require a total heat removal of 104 
million Btu/hr. It is not possible to compare this heat removal duty with 
that of the B&W design which does not indicate the exit temperatures from 
their Venturi scrubber. However, a water balance around thei»’ scrubber 
indicates that the B&W scrubber was only cooling the gas down to about 155°F, 
Since the gasifier heat balance and the waste heat boiler du’y had coincided 
well with the B&W design, and therefore validated the enthc .py data being used. 
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It was decided that the heat curve developed from that data was correct. 

Thus, the total heat removal across the Venturi scrubber was taken as 104 
million Btu/hr. The design of the Venturi scrubber, which Is Integrated 
with the cooling and recovery of the slag sluice water. Is discussed In 
Section 5.05. 

4.1.4 System 8 - Process Solids Treatment 

This section describes and discusses the design of the gasification 
section cooling system, which supplies the Integrated cooling requirements 
for quenching the gasifier slag and for supplying part of the Venturi 
scrubber cooling. As shown In the following diagram (at the end of this 
section), the Integrated gasification water loop functions to recover and 
reuse the slag sluice water as well as to cool the water. The clarifier In 
the system serves to dewater the process solids byproduct before transporting 
to disposal. 

4. 1.4.1 Description of the Gasification Section Water Loop 

The slag sluice water Is heated by absorbing the slag quenching duty. 
Since the water Is recycled for reuse, it must be cooled to remove the 
heat absorbed and the slag solids must be removed from the water. For 
those purposes, the slag sluice water Is circulated through a clarifier 
(to remove the solids) and a cooling tower (to remove the heat). 

The water content of the wet slag sludge removed in the clarifier 
functions, for all intents and purposes, as the blowdown from the cooling 
tower. However, the cooling tower requires makeup water to compensate 
for the blowdown plus the evaporation and drift losses to the atmosphere. 

The sum of the blowdown water plus the evaporation and drift losses (see 
gasification water loop diagram) determines the makeup rate to be 268,200 
ibs/hr. The makeup water is introduced into the system by first passing 
through the Venturi scrubber where it functions to remove part of the 
total heat removed in the scrubber. Since the Venturi scrubber condenses 
about 22,500 Ibs/hr of water from the raw gas, the amount of makeup water 
needed Is reduced to 245,700 Ibs/hr. The heat removed by the makeup water 
(and, in some part, by the condensed water) in passing through the Venturi 
scrubber amounts to about 34 million Btu/hr. Since the total heat removal 
duty across the Venturi scrubber is 104 million Btu/hr, the remaining duty 
of 70 million Btu/hr is supplied by the plant's utility cooling tower via 
a circulating sidestream cooler on the scrubber. 

The flow stream temperatures and compositions, and an overall heat 
and material balance for the gasification water loop are given in the 
diagram at the end of this section. 
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4. 1.4. 2 Discussion of Process Design Elements 

The slag quenching and sluice water rate was taken to be 2,500,000 
Ibs/hr (5,000 gpm) from the B&W design. The water incurs a IT^'F temperature 
rise in absorbing the 42 million Btu/hr duty required to quench and cool 
the gasifier slag from 3,000°F to 100°F. 

The residual char removed from the raw gas in the Venturi scrubber 
amounts to 16,381 Ibs/hr, which exits with the water leaving the bottom of 
the scrubber. That water joins the slag sluice water containing 49,675 
Ibs/hr of the quenched and shattered slag. Thus, the total solids to be 
removed in the clarifier amounts to 66,066 Ibs/hr. Assuming that the sludge 
from the clarifier is 25 wt percent water, the sludge contains 198,200 
Ibs/hr of water (the cooling system blowdown) and 66,066 Ibs/hr of solids. 

The evaporation and drift loss from the cooling tower will be 1 percent 
of the circulating water rate for each 10°F of cooling across the tower. 

The drift loss may be taken as 0.1 percent of the circulating water rate. 
Thus, the evaporation and drift loss from the tower will be 2.8 wt percent 
of the circulating water rate of 2,500,000 Ibs/hr for 27°F cooling across 
the cooling tower. The evaporation and drift, therefore, amounts to 70,000 
Ibs/hr. The total makeup required to the system is the sum of the blow- 
down plus the evaporation and drift, which amounts to 268,200 Ibs/hr of 
water to be derived from the bottom of the Venturi scrubber. Since 22,500 
Ibs/hr of that amount is derived from condensing water in the Venturi 
scrubber, the net makeup to the Venturi scrubber must be 245,700 Ibs/hr. 
Setting two conditions that (1) the bottoms water from the Venturi scrubber 
must not exceed its atmospheric boiling point of 212°F and (2) that the 
cooling duty not removed by the makeup water will be removed by a circu- 
lating sidestream cooler, a heat balance a**ound the Venturi scrubber de- 
termined the bottoms temperature of 208°'^ and the sidestream cooling duty 
of 70 million Btu/hr. Finally, the mixture of slag sluice water at 102°F 
and the Venturi bottoms water at 208°F amounts to 2,768,200 Ibs/hr of 
water entering the clarifier at 112°F. The rest of the material and heat 
balances on the water loop diagram simply involve the appropriate arithmetic. 

One item of the above described design still requites some further 
study. The amount of hydrogen sulfide that will be absorbed in the Venturi 
scrubber (from the raw gas) and that will remain in the bottoms water at 
208°F must be very carefully determined. Since the Venturi bottoms water 
contain more hydrochloric acid than ammonia, the ammonia will be tied up 
by the acid and will not be available for tieing up any hydrogen sulfide 
in the water. Thus, unless the ash and char solids in the water have 
enough basicity to tie up the hydrogen sulfide, the hydrogen sulfide will 
be present in the free gaseous state. When that free hydrogen sulfide 
enters the gasification cooling tower, it will be stripped to the atmosphere 
with the evaporation and will very probably constitute an environmental 
problem. If further study indicates that such a problem exists, it may be 
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H2O condensed 
22,500 lbs /hr 
1,249 m/hr 


100 T 
200 psie 


31,550 m/hr Totel 
RAW GAS ISO m/hr H2O 

0 Ihs/hr Solids 


75 *F MAKEUP WATER 

245,700 IbsAr 


RAM GAS 

450 *F_ 230 psie 

32,838 mAr Totel 
1,399 m/hr H2O 

16,381 IbsAr ^ 

solids I 


OtiUty C.M. 

70 X 10 ‘ Btu/hr 


42 X 10* BtuAr 
Quench Duty 


CLARIFIER 
«ii J 


112 *F \ 


2,768,200 IbeAr 


I VENTURI 
SCRUBBER 

268,200 IbsAr H2O 
16,391 IbsAr solids 49,675 IbsAr 
14 m/hr HCl solids 

1 m/hr NH3 

2,500,000 IbsAr 


102 *F 


SLAG 

QUENCH 


SLUDGE d 25 w% solids 
112 *F 66,066 IbsAr solids 

198,200 IbsAr H2O 


112 T 

2,570,000 IbsAr 


EVAP. -*■ DRIFT (2.8 % oC circuletion) 
i 70,000 IhsAr 


GASIFICATION COOLING TOWER 
68 X 10 * Btu/hr 


Water In; 
245,700 
22,500 
268,200 


Water Out ; 

198.200 
70,000 

268.200 


85 <»F 

2,500,000 IbsAr 

1 A ^ •• 


Raw Gas (in - out) 
Slag Quench 

Utility 0. Twr. 
Gasif. C. Twr. 
Sludge Water 


10 Btu/Hr 

164. '(5 

42.0 
146.0 

70.0 

68.0 

7.31 

145.3 4 
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necessary to provide a stripper on the bottoms water from the Venturi 
scrubber to remove any hydrogen sulfide and to route the hydrogen sulfide 
Into the sulfur recovery plant. 

4.1.5 System 6 - Air Separation 

The air separation plant Is designed to provide 3,850 short tons/day 
of 98 percent oxygen for use In the gasification section. 

About 1,484,000 Ibs/hr of atmospheric air Is compressed. In two stages 
of compression, to a pressure of 110 psia and aftercool ed to 100°F. The 
compressed air Is then cryogenlcally separated Into oxygen and nitrogen 
In a packaged 'cold box'. The separated oxygen from the cold box (at 2 psig 
and 70°F) If compressed. In four stages of compression, to 290 psia for 
use In the gasifiers. 

A part of the separated nitrogen (about 34,600 Ibs/hr at 2 psig and 
70°F) is compressed. In four stages of compression, to 295 psia for use In 
pressurizing the gasifier coal feed system and in transporting coal Into 
the gasifiers. 

Interstage cooling down to 150°F is provided by air-cooling. After- 
cooling for the compressed air, oxygen and nitrogen is provided by air- 
cooling down to about 120°F and by water-cooling down to 100°F. The 
compressed oxygen and nitrogen inputs to the gasification section were 
aftercooled to 100°F because the B&W design so indicated. However, it 
would be worth investigating the feasibility of deleting the oxygen and 
nitrogen aftercoolers. That would provide an additional 20 million Btu/nr 
of heat input to the gasifiers, making it possible to generate about an 
additional 20,000 Ibs/hr of steam. As discussed in the steam balance 
section herein, that would be desirable. 

The air separation plant was designed as two trains, each in operating 
service and each providing 1,925 tons/day of oxygen. HOWEVER, ALL OF THE 
QUANTITIES REFERRED TO IN THIS DISCUSSION ARE FOR THE FULL 3,850 TONS/DAY 
OF OXYGEN OUTPUT. 

4.1.6 System 7 - Raw Gas Compression 

The raw gas from the Venturi scrubber (666,000 Ibs/hr at 100°F and 
200 psia) is compressed, in two stages of compression, to 640 psia and 
aftercooled to 100°F for processing through the acid gas removal system 
(Selexol unit). 

Interstage cooling down to 130°F is provided by air-cooling. After- 
cooling is provided by air-cooling down to 120°F and by water-cooling 
down to lOO^F. 
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The raw gas compression train was designed as a single, operating 
train with no standby train. 

SUMMARY OF COMPRESSION 


Table 4.1 presents a detailed sumnary of the compression requirements 
for the 5,000 T/D coal gasification module, which may be summarized as: 

Air compression 72,700 HP 

Oxygen compression 19,200 HP 

Nitrogen compression 2,430 HP 

Raw Gas compression 23,000 HP 

For the purposes of the steam balance later herein. It was assumed that 
(1) the air and oxygen total compression requirement of 91,900 HP could 
be reduced to 88,000 HP and (2) the raw gas compression could be reduced 
to 20,800 HP In a final, optimized plant design. 

As shown In the steam balance section herein, all of the compressors 
are driven by steam turbines. The air, oxygen and raw gas compressors 
are also provided with standby motors for use during plant startup before 
steam becomes fully available. 

4.1.7 System 4 - Acid Gas Removal System 

The acid gas removal system utilizes the Selexol solvent process 
and receives 666,000 Ibs/hr of sour gas at 100°F and 635 psia. The 
sweet (desulfurized) gas leaves the Selexol absorber at about 630 psia 
and a naxlmum temperature of 75°F. The component removals across the 
absorber are. 



Inlet Gas 
(mol s/hr) 

Outlet Gas 
(mols/hr) 

• Removal 

Hydrogen 

9,275.5 

9,271.5 

0.04 

Carbon monoxide 

19,115.1 

19,110.1 

0.03 

Carbon dioxide 

1,437.1 

771.8 

46.29 

Hydrogen sulfide 

451.5 

0.2 

99.96 

Carbonyl sulfide 

30.9 

0.5 

98.38 

Nitrogen 

1,030.2 

1.030.2 

0.00 

Water 

45.5 
31 , 385.8 

4.5 

30,18878 

90.11 


The Selexol unit includes an absorption refrigeration unit for 
chilling the lean solvent so as to achieve the above removals of hydrogen 
sulfide and carbonyl sulfide. The sour gas from the Selexol unit is rich 
in CO 2 and at slightly more than atmospheric pressure. 
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TABLE 4.1. SUMHARY OF COMPRESSOR HORSEPOWERS 



GAS 


% 

Pd 

Ts 

Td 



LBS/HR 

MOL WT 

ps1a 

psia 



HORSEPOWER^ 

OXYGEN COMPRESSOR: 

1st Stage 

314,000 

32 

16.4 

35.6 

70 

240 

4,517 

2nd Stage 

314,000 

32 

33.6 

70.0 

150 

338 

4,893 

3rd Stage 

314,000 

32 

68.0 

141.0 

150 

337 

4,858 

4th Stage 

314,000 

32 

139.0 

292.0 

150 

340 

TOTAL 

4.954 

19,222^ 

AIR COMPRESSOR: 

1st Stage 

1,484.000 

28.7 

14.2 

43.0 

70 

335 

35.710 

2nd Stage 

1,484.000 

28.7 

40.0 

110.0 

150 

423 

TOTAL 

36,987 

72,697^ 

RAW GAS COMPRESSOR: 

1st Stage 

666,000 

21.2 

200.0 

356.0 

100 

232 

11,025 

2nd Stage 

666,000 

21.2 

354.0 

640.0 

130 

273 

TOTAL 

11,956 

22,981*’ 

INERT GAS COMPRESSOR: 

1st Stage 

34,608 

28 

16.4 

36.0 

70 

247 

577 

2nd Stage 

34,608 

28 

34.0 

72.0 

150 

342 

631 

3rd Stage 

34,608 

28 

70.0 

146.0 

150 

338 

617 

4th Stage 

34,608 

28 

144.0 

297.0 

150 

335 

TOTAL 

606 

2,431 


NOTES: 



* All calculated as adiabatic compression, using: 


k » 1 .4 



^m * 

(compressibility factor) 


e * 0.78 

u 

(adiabatic efficiency) 

b r 

For use in 
assumption 

steam balance, these were reduced by 5 to 10 percent on the 
that an optimized design could achieve such reductions. 
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4.1.8 System 5 - Sulfur Recovery & Tall Gas Treatment 

Acid gas from Acid Gas Removal. System 4. Is fed to a Claus-type 
three-stage sulfur recovery unit utilizing a proprietary process for 
handling lean H2S acid gases. Typically In a Claus type sulfur plant, 
the acid gas Is^flrst passed through a knockout drum before entering the 
reaction furnace. The chemistry of the process Involves converting H»S 
to elemental sulfur according to the following equation: 

2H2S ♦ SO2 — > 3S ♦ 2H2O 

Any hydrocarbons In the acid gas are burned to CO2 and H2O. System 5 Is 
shown schematically In Drawing Number 524-BW-04. ^ 

The reactions are exothermic, and the heat liberate:* generates steam 
In the reaction furnace boiler and In the sulfur condenser. The sulfur 
from each condenser Is drained to a recovery pit In Byproduct Processing, 
System 13 and the tall gas from the final rcndenser Is fed to a Beavon tall 
gas treating unit where essentially complete removal of the remaining sulfur 
compounds Is achieved before discharge to the atmosphere. The Beavon sulfur 
removal process Is capable of reducing the sulfur content In the tall gas 
to less than 100 ppm. It Is proprietary process. In this systei hydro- 
genation and hydrolysis are used to convert essentially all sulfur com- 
pounds to hydrogen sulfide. This gas Is then cooled, and passed Into a 
contactor where the hydrogen sulfide Is absorbed by the redox solution and 
oxidized to elemental sulfur. The reduced redox solution Is reoxidized by 
contact with air and subsequently recirculated to the contactor. Elemental 
sulfur Is removed In the air-blowing step as a froth which Is pumped to a 
sulfur melter to be melted under pressure, separated from the redox 
solution, and transferred to Byproduct Processing, System 13. The de- 
canted redox solution Is returned to the system. 

The chemical reactions are: 

Hydrogenation and Hydrolysis 
SO2 3H2 — > H2S + ZH^O 
S ♦ H2 — > H2S 
COS H2O — > H2S + CO2 
CS 2 + 2H20—» ZH^S * CO 2 
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The system receives 48,370 Ibs/hr of acid gas from the Selexol solvent 
regenerator at about 7 psig and 120°F. The Inlet gas composition Is: 


Inlet Gas 
(mols/hr) 


Hydrogen 

4.0 

Carbon monoxide 

5.0 

Carbon dioxide 

665.3 

Hydrogen sulfide 

451.3 

Carbonyl sulfide 

30.3 

N1 trogen 

0.0 

Water 

99.2 

1,255.1 


The recovery of byproduct elemental sulfur from the sulfur recovery 
system Is 185 short tons/day, which amounts to an overall sulfur recovery 
of about 99.9 percent. 

4.1.9 System 13 - By-Product Processing 

Sulfur Is the only plant byproduct other than ash/char solids which 
are disposed of on site. Molten sulfur Is pumped to a prilling tower in 
a continuously flowing circulation system. In the tower sulfur Is 
dispensed in droplets through nozzles. Droplets fall counter current 
to a stream of cooling air and solidify prior to landing in the bottom 
prill collection section. From the prill tower sulfur Is conveyed to 
a storage building from which it is transferred by truck or barge for 
sale. Drawing Number 524-BW-08 shows thir schematic'lly. 

4.1.10 System 14 - Plant Power System 

This system is generally designed to receive medium voltage electrical 
power (4.16 KV, 6.9 KV or 13.8 KV) and provide the following functions: 

t Develop the necessary voltage stepdown arrangement for plant 
requirements 

e Distribute the necessary power to the plant equipment. 

This is non-proprietary equipment and is supplied by several U.S. 
vendors. 

TVA's incoTiing substation transformers receive power from its prev- 
alent distributed voltage switching station and step down this voltage to 
a medium voltage to supply the plant electrical power requirement for 
motors, heaters, lighfing, and other miscellaneous loads. 
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The Medium Voltage Electrical Distribution System is a secondary 
selective system (double ended supply) with several medium voltage buses. 
Each medium voltage bus receives power from its respective incoming sub- 
station transformer through an incoming breaker and supplies power to 
the medium voltage distribution system through the feeder breakers. 

The Low Voltage Electrical Distribution System typically consists of 
multiple 480 V double ended load centers and 480 V motor control centers 
(MCC's) supplying the power to 480 V loads througiiout the plant. Two 
load centers are interconnected through a normally open tie breaker. In 
the event of loss of one load center transformer or its feeder, the 480 V 
loads of the affected load center are fed by the second load center through 
the tie breaker. 

Each load center consists of an incoming line section, load center 
transformer, and low voltage section with metal enclosed draw out power 
circuit breakers. 

Load center transformers are air cooled, dry type, 150°F temperature 
rise, with delta connected primaries and wye connected secondaries. All 
load center feeder circuit breakers are 1600A frame and 50,000A RMS symme- 
trical interrupting capacity. The 480 V motor feeder breakers are elec- 
trically operated with instantaneous and long time trip units. 

480 V MCC's consist of starters, feeder circuit breakers and control 
devices, assembled in a common structure with horizontal and vertical buses. 

A 125 Volt DC System supplies control power for medium voltage and 
480 V volt plant switchgear control, protective relaying and annuciation. 

The system also supplies power for emergency lighting. 

4.1.11 System 15 -Steam Generation/Distribution 

A steam balance diagram is included in Section 6, Drawing Number 
524-SW-lO. As shown on that diagram, two of the largest steam demands 
within the plant are for the steam turbine drives of the air and oxygen 
compressors in the air separation plant. Since the coal gasifie'^s are 
the largest source of heat for generating steam within the plant, it was 
decided to produce 565 psia steam from the ^asifiers and to drive the air 
and oxygen compressor turbines with that steam. In order to match the 
565 psia steam supply (512,700 Ibs/hr) with the horsepower demand of the 
air and oxygen compressors, it was necessary to superheat the steam to 
1000°F and to condense the turbine exhausts at 2.5" Hg and 109°F. 
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The gasification section waste heat boilers were designed to produce 
352,100 Ibs/hr of 1500 psia steam to be used as follows: 

Char recycle transport 32,700 Ibs/hr 

Sulfur plant (Claus gas reheaters) 20,000 Ibs/hr 

Raw Gas compressor turbine 299,400 Ibs/hr 

Total 352,100 Ibs/hr 

The 299,400 Ibs/hr of 1500 psia steam for the raw gas compressor turbine is 
superheated to 940°F so that the turbine exhaust would produce 165 psia steam 
for driving the inert gas (nitrogen) compressor turbine and for supplying 
other users at that pressure or lower. 

The steam balance is very tight. The deaerator is 'out of balance' 
heatwise by about 13 million Btu/hr or 6.7 percent, '’’hat is, the heat 
entering the deaerator is 6.7 percent (13 million Btu/hr) less than the 
heat leaving the deaerator, which means that the boiler feedwater temperature 
will be somewhat lower than the 250°F shown on the steam balance diagram. 

At the same time, from the viewpoint of protection against power 
failures, it would be desirable to drive the boiler feedwater pumps (1500 
HP) and at least some of the cooling water circulation pumps (5700 HP) 
with steam turbines rather than electric motors. 

Since the steam balance is about 13 million Btu/hr deficient, and since 
it would be desirable to drive the boiler feedwater and some of the cooling 
water pumps with steam turbines, it is apparent that more steam must be 
made available. 

There are a number of options to be explored for making more steam 
available: 

1 -- As mentioned earlier in this report, deleting the after- 

cooling of the compressed oxygen fed to the gasifiers would 
make about 20 million Btu/hr of more steam available from 
the gasifiers. 

2 -- Designing the gasification section waste beat boilers to cool 

the raw gas down to 400°F (instead of 450°F) would make about 
13 million But/hr of more steam available from the waste heat 
boilers. 

3 -- Using boiler feedwater to cool the primary cyclone recycle 

char from 1800°F dowr to 1200°F (instead of cooling water) 
would provide another 25 million Btu/hr. 
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4 — Re-designing the Claus unit to use internal gas-to-gas reheat, 

or gasified reheat, instead of steam reheat would make another 
20,000 Ibs/hr of steam available. 

5 — Superheating the 1500 psia steam to 1000°F (instead of 940°F) 

would reduce the consumption of steam required to drive the raw 
gas compressor. 

6 — It would be worth investigating if 1000°F steam temperature 

for turbine drive steam is the upper limit of current practice. 

7 — Although the exhausting of condensing turbines at 2.5" Hg and 

109°F is probably as low as can be economically justified with 
85°F cooling water, it would be worth investigating the feasi- 
bility of 2" Hg and 102°F. 

8 -- As mentioned earlier in this report, the preliminary steam 

balance already assumes that the calculated compression horse- 
power for the air, oxygen and raw gas compressors could be 
reduced by 5-10« in a final optimized design. That remains 
to be confirmed or to determine if larger reductions can be 
achieved. 

The above options should readily provide enough additional steam to 
close the deaerator heat balance and to drive the boiler feedwater pumps 
with steam turbines. Additional studies are required to determine if 
additional steam can be made available for driving some of the cooling 
water pumps with steam turbines. 

4.1.12 System 16 - Water Supply 

The Raw Water Treatment Unit is designed to provide treated and un- 
treated water for the following facility water systems: 

Fire Water 
Service Water 
Potable Water 
Cooling Water 
Boiler Feedwater 

Raw water is pumped from the river to a Fire Water-Raw Water Storage 
tank. 


The Raw Water- Firewater Storage Tank provides surge capacity for 
Water Treatment as well as storage capacity for firewater. During an 
emergency, firewater is pumped from the tank to the firewater header 
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system. The firewater pumps are motor driven and have a diesel engine 
driven spare. The spare pump is equipped with automatic start-up capa- 
bility in case of power failure. 

The raw water is pumped from the Raw Water- Firewater Storage Tank 
to the Softener-Clarifier. Lime, alum, and polyelectrolyte from the 
Clarifier Bulk Chemical Storage and Feed System are added to the Softener- 
Clarifier, which is equipped with an internal flocculation mechanism. The 
alum and polyelectrolyte aid in the removal of suspended solids from the 
raw water. Lime is added during the clarification step to "cold soften" 
the raw water. Chlorine is added to the raw water to inhibit algae growth 
in the clarifier and sand filters and reduce organic contamination. 

The underflow from the clarifier is a one wt percent sludge and is 
pumped to solids treatment for further processing. 

The clarified and softened raw water from the Softener-Clarifier flows 
to the Self-Backwashing Sandfilters where additional suspended solids are 
removed. A pressure differential across the filter bed initiates the 
backwash cycle. The backwash flows by gravity to the Sandfilter Backwash 
Sump and is recycled to the Softener-Clarifier. The filtered water flows 
to the Filtered Water Storage Tank and is utilized as cooling tower make-up 
for the Process Cooling Tower as service water for general plant use, as 
feed to the Demineralizer Package, and as feed to the potable water system. 

Water intended for potable services is chlorinated and again 
filtered to meet American Water Works Association (AWWA) standards and 
stored in a tank sized to hold a day's potable water requirements. The 
chlorine residual is maintained at 0. 5-1.0 PPM free chlorine in the tank. 

Filtered water intended as feed to the Demineral izer Package is in- 
jected with Sodium Sulfide to remove trace amounts of chlorine which ad- 
versely affect the Demineralizer resins and after filtered through acti- 
vated carbon to remove any remaining organic contaminants and dissolve iron. 

In the demineralizer, the mineral sal’’s present in the water are 
removed by ion exchange. A two-step deminei ol Izat'on system, utilizing 
strong cation and strong anion exchangers in series, is provided. A 
degasifier following the strong cation and magnesium, which the anion 
exchangers remove anions such as chloride and sulfate. The strong anion 
exchanger also removes silica. The degasifier is provided to remove 
carbon dioxide and other dissolved gases. 

A mixed bed polisher is provided to remove silica to 0.02 PPM and 
to polish returned turbine condensate for reuse. 

The demineralized water and condensate is preheated to 220-225*^F 
before being pumped into the boiler feedwater deaerators. 
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Acid, stored In the Acid Tank, Is used to regenerate the cation 
exchangers. Caustic, stored In the Caustic Tank, Is used to regenerate 
the anion exchangers. 

Both the Acid and Caustic tanks have pumps and metering devices to 
control the flow of regenerants to the demlnerallzer package. 

The Boiler Feedwater Deaerating heaters operate at 30 psig and 250°F. 

The Deaerators reduce the oxygen content of BFW to 0.005 cc/llter. 

Hydrazine or sodium sulfite Is Injected Into the storage compartment 
of the deaerators for chemical scavenging of any residual oxygen. Morpholine 
Is Injected Into the suction of the boiler feed-water pumps to protect the 
condensate systems. 

A tabulated water balance for the overall plant Is given In Table 
4.2 at the end of this section. The total raw water Intake required, 
Including an appropriate contingency, amounts to 3,500 gpm. 

4,1.13 System 17 - Water Cooling 

The purpose of this unit is to provide cooling water to the various 
process users in the facility. 

This Is a non-proprietary system and Is supplied by several US vendors. 
System 17 Is shown schematically in Drawing Number 524-BW-12. 

The cooling tower system Includes the tower and fans, sidestream 
filters, circulating water pumps, cold water basin, blowdown system, 
chemical addition equipment, and distribution system. 

Cooling water Is pumped from the cold water basin, through the dis- 
tribution system to the process heat exchangers where low-level, sensible 
heat is picked up, and back to the cooling tower. The cooling tower rejects 
low-level heat by evaporative cooling to air drawn through the cooling tower 
by the cooling tower fans. 

A portion of the circulating water is passed through side stream 
filters to reduce loading to '.uspended solids, dirt and scale. 

The dissolved solids level of the cooling water is maintained by 
a continuous blowdown stream to the process condensate system. Water 
level in the cooling tower basis is maintained by continuous make up of 
the clean water from the raw water treatment system. 

The blowdown stream is passed through a blowdown treatment system 
to recover chromate ions via ion exchange or by chemical reduction to 
chromium hydroxide and is sent to waste treatment for disposal. 
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TABLE 4.2. OVERALL WATER BALANCE* 


GPM 

INPUTS; 

Makeup to boiler feedwater (BFW) . 114 

Makeup to gasification cooling tower” 491 

Makeup to utility cooling tower 2,357 

Raw water treatment makeup^ 148 ^ 

TOTAL RAW WATER REQUIRED JTTTO^ 


OUTPUTS: 


Gasification cooling tower evaporation and drift 140 

Utility cooling tower evaporation and drift 1,886 

Gasification coolinq tower blowdown (BD)” 396 

Boiler blowdown (BD) 47 

Deaerator vent 2 

Raw water treatment wastewater^ 148® 

Steam into process: 

Into gasifiers via char eductor 65 

Recovered by condensation in Venturi scrubber -45 

Utility coolinq tower blowdown (BD) 471 

TOTAL OUTPUTS TTPro 


NOTES: 

* Excluding the water contained in the feed coal 
^ Fed into Venturi scrubber (see diagram of gasification water loop) 

^ Rinse waters and other wastage 

^ Contained in sludge to disposal (see diagram of gasification water loop) 
® Wastewater streams for disposal 

^ The total raw water demand is estimated to be 3,500 gpm , including an 
allowance of 390 gpm for utility water and contingency. 
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Chlorine is added to the cooling water on a routine periodic basis 
to prevent algae growth. Chemical algicides are added periodically to 
further eliminate algae growth. Sulfuric acid is added to control pH 
and zinc and chromate inhibitors are added to the cooling water for 
corrosion control. Occasionally, a polyphosphate dispersant is added to 
enhance the action of the inhibitors. 

4.1.14 System 18 - Waste Water Treatment 

The purpose of this unit is to collect and treat all plant liquid 
effluent streams. The plant design is predicated on "zero discharge" 
and permits recycle and reuse of treated water. Streams treated include 
the following: 

• Oily Water Sewers 

• Coal Pile Run Off 

• Storm Water Run Off 

• Demineralizer Regenerant Wastes and Rinse Water 

• Cooling Tower Blowdown 

• Sanitary Waste Water 

• Gasifier Slag Quench Drains 

• Separated Water From Solids Treatment 

• Filtrate From Biological Treatment. 

Process operations include: 

OIL SEPARATOR - streams containing free and dissolved oil and treated 
in a gravity separator utilizing an emulsion breaking chemical and heat to 
separate the oil -water mixture. 

SOUR WATER STRIPPER - water streams with appreciable H-S or NH^ residuals 
are steam stripped to remove these contaminants. 

EQUALIZATION BASIN - liquid streams with extremely high or low pH are 
mixed in an equalizing basin and treated with sulfuric acid or caustic to 
change the mixed pH to a value of 6.0 - 8.0. 

GRAVITY SETTLING-THICKENER - liquid streams with high suspended or 
dissolved solids are treated in a gravity settler-thickener and mixed 
with lime, alum, coagulant aids, and polymers to facilitate separation 
and thickening. 

MULTIPLE EFFECT EVAPORATION - neutralized wastes and brines are 
evaporated to recover water and concentrate the solids. 

The recovered, treated water is used as make up to cooling towers 
or raw water supply. The resultant solids are conveyed to the Solids 
Disposal System. 
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4.1.15 System 19 - General Facilities 

The purpose of this unit is to provide equipment or services to 
support the Gasification Facility at the facility level. 

The equipment and Services provided in this unit are non-proprietary. 

This unit is a general facility category and provides the following 
equipment and services: 

• Administration Building 

• Laboratories 

• Change Rooms 
§ Warehouses 

• Maintenance Buildings 

• Operation Centers 

• Security Offices 

• Plant Air Facility 

• Fire House 

• Visitor Reception 

• Plant Fencing 

• Plant Lighting 
t Roads, Bridges 

• Docking Facilities 

• Interconnection Pipe Ways 

• Fire Protection Network 

• Flare Stacks and Headers 

• Plant Instrument Air Compressors 

• Environmental Monitoring 

• Site Preparation. 

4.2 Module Balances 

Material and energy balances have been determined for each module. 
Table 4.3 gives stream compositions and quantities for each intersystem 
module. Table 4.4 gives an energy balance at the modular level. 
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5.0 PROCESS FLOW DIAGRAM AND EQUIPMENT LIST 

This section contains the process flow diagrams and the list of 
equipment for each module. The facility contains four times the quantity 
shown here except for the coal silos which are on a facility basis and 
System 5, which has two trains in Module 1 and only one train in subsequent 
modules. 
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EQUIPMENT LIST 
TVA M86 MODULE 
B&W GASIFIER 

SYSTEM NO: 1 -COAL PREPARATION & FEEDING 



ITEM 

NUMBER 


SERVICE 


11-S-1 COAL STORAGE 


11-S-2 TRAMP IRON REMOVAL 


1-CV-l 


COAL TRANSPORT TO 
SYSTEM 1 


1-BN-l 


l-CV-2 CONTROL FEED RATE 


1-ME-l CRUSH COAL TO 
1/4“ xO 


l-ME-2 SEPARATE COAL AT 1/4" 



SAMPLE COAL 


l-ME-3 fine grind coal 


QUANTITY 


SPARE I OPERATION 


DESCRIPTION 



r j 
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EQUIPMENT LIST 
TVA MB6 MODULE 
B&W GASIFIER 





ITEM 

NUMBER 

SERVICE 


1-F-l 

AIR HEAT DRYING 


1-P-l 

TRANSPORT AIR SUPPLY 

l-S-1 

RECOVER PULVERIZE 

COAL 

1-S-2A.B 

OUST CONTROL 


1-V-l 

FEED SURGE 


l-V-2 

PRESSURIZE COAL 


l-V-3 

FEED CONTINUITY 


l-V-4 

PRESSURIZED INERT 

L.S 


QUANTITY 


SPARE OPERATION 


DESCRIPTION 


FIRED HEATER 
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EQUIPMENT LIST 
TVA M6G MODULE 
B&W GASIFIER 

SYSTEM NO: 2 - COAL GASIFICATION 



ITEM 

NUMBER 



SERVICE 


B.F.U MAKEUP PUMP 


QUANTITY 


SPARE I OPERATION 




BOILER FEED WATER PUMP 



HEAT RECOVERY SERVICE 


2-V SUG DISCHARGE 




SLAG DISCHARGE 



GASIFICATION 



DESCRIPTION 


CENTRIFUGAL PUMP 




CENTRIFUGAL PUMP 




STEAM DRUM 




SLUICE TANK 




SLAG LOCK HOPPER 




B&U GASIFICATION 
REACTOR 
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N EQUIPMENT LIST 

TVA MBG MODULE 
B&W GASIFIER 

SYSTEM NO: 3 • INITIAL GAS CLEANUP & COOLING 


ITEM 

NUMBER 


3-P-l 


SERVICE 


GAS OEHUMIOIFICATION 


QUANTITY 


SPARE OPERATION 


DESCRIPTION 


BOILER FEED WATER 
CENTRIFUGAL PUMP 


3-P-2 GAS OEHUMIOIFICATION 


BOILER FW MAKEUP 
CENTRIFUGAL PUMP 


FINAL GAS OEHUMIDIFI- 
CATION 


CENTRIFICAL WATER 
RECYCLE PUMP 


3-P-4 GAS OEHUMIOIFICATION 


MIO TOWER CENTRIFUGAL 
CIRCULATION PUMP 


3-V-l HP STEAM PRODUCTION 


STEAM DRUM 


3-V-2 GAS OEHUMIOIFICATION 


PACKED COLUMN GAS 
COOLER 


3-ME-l GAS COOLING 


WASTE HEAT BOILER 


3-E-l 

GAS OEHUMIOIFICATION 

3-S-l 

GAS CLEANUP 





CIRCULATION STREAM 
COOLER HEAT 
EXCHANGER 



PRIMARY CYCLONE 


B-3-55 








































THE BDM CORPORATION 


EQUIPMENT LIST 
^ TVA MBG MODULE 

B&U GASIFIER 

SYSTEM NO: 3 - INITIAL GAS CLEANUP & COOLING 



ITEM 

NUMBER 

SERVICE 

3-S-2 

GAS CLEANUP 

3-S-3 

GAS CLEANUP 


QUANTITY 


SPARE I OPERATION 



DESCRIPTION 


SECONDARY CYCLONE 


VENTURI SCRUBBER 
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EQUIPMENT LIST 
TVA MBG MODULE 
B&U GASIFIER 

SYSTEM NO: 4 - ACID GAS REMOVAL 



ITEM 

NUMBER 





SERVICE 


SOLVENT KNOCK-OUT DRUM 


QUANTITY 


SPARE OPERATION 



SOLVENT FLASH DRUM 



REGENERATOR KNOCK-OUT 



ACID GAS ABSORBER 



SOLVENT REGENERATOR 



DESCRIPTION 


SOLVENT CHILLER 



SOLVENT COOLER 



REGENERATOR FEED PRE- 
HEAT EXCHANGER 


4-E-4 ACID GAS COOLER 



SHELL & TUBE EXCHANGER 


SHELL & TUBE EXCHANGER 


AIR FAN EXCHANGER 
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EQUIPMENT LIST 
TVA MBG MODULE 
B&W GASIFIER 

SYSTEM NO: 4 - ACID GAS REMOVAL 



ITEM 

NUMBER 





4-HT-l 


SERVICE 


REGENERATOR REBOILER 


QUANTITY 


SPARE I OPERATION 



SOLVENT CIRCULATION 
PUMP 



REGENERATOR REFLEX PUMP 



SOLVENT TRANSFER PUMP 


4-TK-l SOLVENT STORAGE TANK 


4-ME-1 TEG GAS DRYING PACKAGE 



RECYCLE VAPOR COM- 
PRESSOR 


RICH SOLVENT LET 
DOWN TURBINE 



DESCRIPTION 


SHELL & TUBE EXCHANGER 



1 INCLUDES TEG CIRa^LATIO^ 
PUMP, TEG CONTRACTOR 
AND TEG REGENERATOR 
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-)M EQUIPMENT LIST 

TVA MBG MODULE 
B&U GASIFIER 

SYSTEM NO: 5 • SULFUR RECOVER & TAIL GAS CLEAN-UP 



ITEM 

NUMBER 



5-P-5 


SERVICE 


SULFUR PRODUCT PUMP 


QUANTITY 


SPARE OPERATION 


DESCRIPTION 



STRETFORD SOUR WATER 
PUMP 




REDOX SOLUTION 
CIRCULATION PUMP 


STRETFORD SULFUR TRANSFEI 
PUMP 



REACTION FURNACE AIR 
BLOWER 


AIR OXIDATION MIX TANK 



STRETFORD SULFUR 
SEPARATOR MELTOR 




MOLTER SULFUR STORAGE 
PIT 


ACID GAS KNOCK-OUT DRUM 
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JION EQUIPMENT LIST 

TVA WG MODULE 
B%W GASIFIER 

SYSTEM NO: 5 • SULFUR RECOVER & TAIL GAS CLEAN-UP 



ITEM 

NUMBER 



SERVICE 


REACTION FURNACE 


QUANTITY 


SPARE I OPERATION 


5-R-2.3.4 SULFUR CONVERTERS 



BEAVON REACTORS 


BEAVON UNIT CONOENSOR 


STRETFORD ABSORBER 


5-E-1 .2.3,4 SULFUR CONDENSORS 


BEAVON UNIT GAS COOLER 


STRETFORD RECYCLE 
COOLER 







DESCRIPTION 


ACID GAS BURNER AND 
STEAM GENERATION 


HORIZONTAL REACTORS 



HORIZONTAL GAS 

HYDROLYSIS REACTOR 





SHELL & TUBE EXCHANGER 


SHELL & TUBE EXCHANGER 
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EQUIPMENT LIST 
TVA MBG MODULE 
BM GASIFIER 

SYSTEM NO: 6 - AIR SEPARATION 


ITEM 

NUMBER 

6-C-l 



SERVICE 
AIR COMPRESSION 



SECOND AIR COMPRESSOR 



OXYGEN COMPRESSOR 


QUANTITY 

SPARE I OPERATION 




6-M-1 

START UP MOTOR FOR 
6-C-l 

6-M-2 

START UP MOTOR FOR 
6-C-2 

6-M-3 

START UP MOTOR FOR 
6-C-3 

6-ST-l 

STEAM TURBINE DRIVE 
FOR 6-C-l 

6-ST-2 

STEAM TURBINE DRIVE 
FOR 6-C-2 

6-ST-3 

STEAM turbine DRIVE 

FOR 6-C-3 


DESCRIPTION 
AXIAL COMPRESSOR 



CENTRIFUGAL COMPRESSOR 


CENTRIFUGAL COMPRESSOR 
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EQUIPMENT LIST 
TVA MB6 MODULE 
B&W GASIFIER 

SYSTEM NO: 6 • AIR SEPARATION 



ITEM 

NUMBER 



SERVICE 


FIRST AIR K.O. DRUM 


QUANTITY 


SPARE OPERATION 


DESCRIPTION 


6-V SECOND AIR K.O. DRUM 



6-V OXYGEN K.O. DRUM 



6-EA-1 FIRST AIR COOLER 


6-EA-2 SECOND AIR COOLER 


6-EA-3 OXYGEN COOLER 




TURBINE EXHAUST 
CONOENSOR 


TURBINE EXHAUST 
CONOENSOR 


6-E-3 AIR TRIM COOLER 



SURFACE CONOENSOR 


COOLING WATER EXCHANGE! 
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EQUIPMENT LIST 
TVA MB6 MODULE 
B&W GASIFIER 

SYSTEM NO: 6 - AIR SEPARATION 



ITEM 

NUMBER 

SERVICE 

QUANTITY 

nrcrDTDTTAii 

SPARE 


UtwLKirTlUII 

6-E-4 

AIR TRIM COOLER 


2 

COOLING WATER EXCHANGER 
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ITEM 

NUMBER 


EQUIPMENT LIST 
TVA MB6 MODULE 
BM GASIFIER 

SYSTEM NO: 7 • GAS COMPRESSION 



SERVICE 


PRODUCT GAS COMPRESSION 


QUANTITY 


SPARE OPERATION 


START UP MOTOR FOR 
7-C-l 


BACKPRESSURE TURBINE 
DRIVE FOR 7-C-l 


COMPRESSOR DISCHARGE 
COOLER 


DESCRIPTION 


CENTRIFUGAL COMPRESSOR 



COOLING WATER EXCHANGE 
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1.0 INTRODUCTION 

The United States, after a number of years of development based 
on plentiful and inexpensive oil and natural gas, is entering a period 
of time when it is essential to supplement these energy sources by 
the use of coal. Coal is the nation's most plentiful fossil fuel. 

Coal gasification is a means of accomplishing this. While utilization 
of coal through conversion to gaseous products is not new. there is no 
industry within the US which might serve as a base for establishing 
cost, operational reliability and requirements, and design data for the 
large scale environmentally acceptable plants needed. 

The Tennessee Valley Authority with systems engineering and analysis 
support from the George C. Marshall Space Flight Center has initiated 
a project which would establish the commercial base and demonstrate 
the requirements for gasifying coal in a large integrated facility. 

The project consists of gasifying 20,000 tons per day of Eastern coal in 
a four module plant, the construction of which is staggered to accommo- 
date efficient use of construction manpower and product market develop- 
ment. 


The purpose of this study is the systematic engineering and cost 
analysis of five selected gasifier technologies and the other associated 
systems required to produce medium Btu gas for delivery into a 600 psig 
distribution system in Northern Alabama. This effort in a series of 
design studies provides a reference basis for selection of the final 
plant configuration and choice of technologies. 

The methodology consists of selection of a systematic breakdown of 
the facility for purpose of study, identification of available technologies 
for each system, development of a definition level design and cost analysis, 
conducting series of trade studies using the definition design as a basis, 
and finally development of reference facility designs and cost analyses 
based on the previous work. This report covers the definition design 
efforts for two of the five designs— the Lurgi and BGC/Lurgi gasification 
systems. The designs for the other gasification systems— the Koppers- 
Totzek, the Texaco and the Babcock and Wilcox— appear in Appendices B-1 , 

B-2 and B-3, respectively. 

The trade studies were done primarily based on the Texaco and K-T 
cases and previous to this work with the other three gasifiers. Therefore, 
the designs for the Lurgi and BGC/Lurgi that are presented here, though 
they are of the first level effort, have the results of the trade studies 
built in. 
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This report contains a description of the plant configuration chosen, 
a description of the technology chosen for each system, the material and 
energy balances. The cost analysis for the Lurgi and BGC/Lurgi Is pre* 
sented In Appendix D. 
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2.0 SUMMARY 

Definition level plant designs have been prepared based on Lurgi and 
BGC/Lurgi coal gasification processes. Each of these plants process 

20.000 TPO total raw coal to the gasifiers. 

The Lurgi coal gasification process consists of reacting one Inch by 
twenty-eight mesh coal with oxygen and steam In a fixed bed reactor to pro- 
duce medium BTU gas. Coal Is fed Into the top of the reactor from where It 
moves downward by gravity countercurrent to the oxygen steam and gasifi- 
cation products. Ash and unreacted carbon are removed from the bottom by 
a mechanical grate which Is kept relatively cool by the flow of steam and 
oxygen Into the bottom of the reactor. A portion of the steam requirement 
Is generated In the reactor jacket. Products, partially cooled by contact 
with coal feed are further cooled by a quench and waste heat boiler. 

Heavy products, ammonia and some H 2 S are recovered from the quench liquor 
In the waste water treating section. 

The BGC/Lurgi Is similar to the Lurgi In description except that ash 
Is removed from the bottom of the reactor as molten slag. Molten slag Is 
removed from the reactor by quenching In a water bath to form ash granules 
which are removed as a slurry. Since there Is no grate cooling requirement 
the steam requirement Is much less than that of the Lurgi. The result Is 
that lower quantities of vapor state materials per unit of coal allow 
Increased coal throughout per unit reactor cross section, higher maximum 
temperatures with less methane production, and less hydrogen production. 

Coal fines produced In the feed handling preparation steps of the 
Lurgi and BGC/Lurgi designs are either burned as boiler fuel or exported 
as plant byproducts. The plants are each designed to be built In four 
distinct stand alone modules processing 5000 TPO each. Exceptions are 
such facility wide sections as coal handling and general facilities. 

Module construction Is staggered to allow efficient use of construction 
manpower and the development of product markets. Tars, oils and phenolic 
compounds are burned as boiler fuel along with coal fines to produce 
steam requirements for the process units. No additional steam for prime 
mover power is generated. Purchased electricity is utilized to fill all 
power requirements not covered by process generated steam. Because of the 
decision to burn tars, oils and phenolic compounds the plants products are 
medium BTU gas, sulfur, and ammonia In the Lurgi and BGC/Lurgi cases. All 
plant solids are disposed of on site. The plants are designed for recycle 
of treated waste water with zero plant effluent. 

Tables 2.1 and 2.2 give a summary of the process and cost results 
obtained in this study. 
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TABLE 2.1 

FACILITY PROCESS RESULT SC'fHMARY* 


ITEM 

COAL, T/YR 
FINES SOLD, T/YR 
ELECTRICITY, 1000 Kwh/YR 
YIELD MMSCFD 
HHV BTU/SCF 
COMPOSITION Ib/hr 
Hydrogen 
N1 trogen 
Carbon Monoxide 
Carbon Dioxide 
Methane 
Ethane 
Light HC 

Hydrogen Sulfide 
Carbonyl Sulfide 
Water 
Total 

SULFUR 1000 TONS/YR 
AMMONIA 1000 TONS/YR 

EFFICIENCY - PERCENT** 


LURGl BGC/LURGI 


10,000,000 

10,000,000 

3,918,000 

1,160 

960 

308 

384 

29,968 

15,183 

3,928 

3,889 

152,127 

438,365 

363,892 

20,591 

45,720 

36,664 

2,371 

1,901 

3,892 

2,998 

61 

70 

300 

192 

84 

70 

602,343 

519,923 

58 

59 

89 

89 

68.0 

76.4 


* PER YEAR EXCEPT WHERE NOTED 

** EFFICIENCY BASED ON COAL CONSUMED. PURCHASED ELECTRICITY AS 
ELECTRICITY AND MBG PRODUCT. 
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I 



TABLE 2.2 

FACILITY cost’ SUMMARY 


ITEM 

LURGI 

BGC/LURGI 

CAPITAL REQUIREMENTS (1980 DOLLARS) 2,747,000 

2,061,000 

ANNUAL OPERATING COSTS 
COAL 0 1.25/MMBTU 
OTHER 

$274 MM 
93 

$274 MM 
35 

PRODUCT COSTS 
(CONSTANT 1980 DOLLARS 
MMBTU) 

5.26 

PER 

4.06 


N 


I 

I 
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3.0 GENERAL FACILITY DESCRIPTION 

The TVA coal gasification facility Is to be designed to process 

20.000 TPD of Kentucky Number 9 coal Into medium BTU gas having not 
more than 200 ppmv sulfur. The coal specifications are given In 
Table 3.1. Design specifications were given In a TVA document, "Design 
Criteria for Conceptual Designs and Assessments of TVA's Coal Gasification 
Demonstration Plant", March 1980, provided by NASA. In order that the most 
efficient use of construction labor might be accomplished and In order to 
allow time for development of a user network for the MBG product and 
provide for maximum operating flexablllty the plant Is to be constructed 

In four 5000 TPD modules. 

The plant has been divided Into a group of Interrelated systems 
according to the guidelines given In Table 3.2 for purposes of system* 
atically studying the available processes for Inclusion In the plant 
design. A sumnary of the processes avallab^'? f'^r each system has been 
published earlier In "Coal Gasification Catalog" as a part of Task 5.1 
of this study. For each of the five gasification technologies to be 
considered for the plant a combination of systems was selected to provide 
a definition level design. The purpose of definition level designs Is 
to provide the starting point for a series of engineering analyses and 
trade studies which resuU In a more definitive and optimln plant con- 
figuration and process selection In the next level of design. The two 
designs presented In this report, while categorized as definition level 
designs, have the benefit of earlier trade studies performed based on 
definition level Texaco and Koppers-Totzek designs. Therefore they 
represent an advanced version of definition level design. 

3.1 Methodology of Design 

The selection of systems defined for the plant have been arranged 
for each of the two gasification processes as shown In the block flow 
diagrams In Sections 4.0 and 5.0. For each system an analysis of 
available processes and technologies was accomplished based on: 

# A system - level approach 

- select applicable system design from design 
data base 

- data availability and relevance 

- adjustments for current application 

t No secrecy agreements required 

• Production of system - level block flow diagrams plus 
documentation of I/O, interfaces, costs and other 
requirements as the basis for trades and second level 
reference facility designs. 

For each process selected available published designs were studied. 
Those designs most nearly meeting the requirements of this effort were 
chosen as a basis for defining the requirements of the definition level 
design. These designs were scaled and adjusted as required to meet the 
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TABLE 3.1 

COAL CHARACTERISTICS 


H.H.V, , as Received, Btu/lb 
Total Moisture, wt X 
Inhereot Moisture, wt % 

Bulk Density, as Received, Ib/ft^ 
Free Swelling Index^ 

Grindsbility Index 


Standard 


Mean‘ 

Deviation^ 

10.980 

547.6 

9.564 

1.878 

3.25 

0.75 

45. 

- 

1.0-6. 5) 

- 

59. 

5.117 


2.1.2 Proximate Analysis, Dry, wt X 


Volatile Matter 
Fixed Carbon 
Ash 
TOTAL 


37.54 

46.63 

15.83 

100.00 


1.878 

1.604 

3.086 


2.1.3 Ultisiate Analysis, Dry, wt X 


Carbon 

Hydrogen 

Nitrogen 

Oxygen 

Sulfur 

Ash 

Chlorine 

TOTAL 


67.31 

4.757 

1.529 

6.343 

4.100 

15.83 

.1310 

100.000 


2.794 

.2409 

.001326 

1.085 
.48:8 

3.086 
.05965 


‘Mean = x = Sx./n, based on analysis of 14 samples of Kentucky No. 9 coal 
received by T^A from various mines during the period 1972-1977; results are 
rounded to four significant figures. 

^Standard Deviation = l/(n-l) {J(x.-x)^}^^^, based on analysis of the 14 
sample coals; results are rounded^to four significant figures. 

^Data indicates range of values; for design purposes, assume FSI = 6.5. 
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I/O and Interface requirements of the present module designs. These 
adjusted designs have been placed In the block flow diagram sequence 
and used as a basis for material balances, energy balances, and cost 
analyses. Table 3.3 presents the status of systems chosen. 

3.2 System Descriptions 

Many of the systems shown In the block flow diagrams are either 
the same for all designs or similar In description for each of the 
two designs except for size and cost considerations. This section 
defines each of these systems. More detailed descriptions of those 
systems specific to Lurgi and 6GC/Lurg1 are given In Sections 4.0 and 
5.0, r?r?€Ct1vely. 

3.2.1 System 11 - Coal Handling 

The Coal Handling System provides for the unloading of coal de> 
llvered to the plant either by barge or truck, reclaiming the coal from 
storage, reducing the size of coal, and transporting the coal to Coal 
Preparation and Feeding, System 1. 

Raw coal is unloaded from barges by the barge unloading subsystem 
which Is designed to unload up to ten 1500 ton capacity barges per shift. 

The coal Is unloaded at an average rate of 1200 tons per hour on a 5 day 
week basis. Coal Is transferred by conveyor to a radial stacker which 
then produces a kidney shaped coal pile containing live and dead storage. 

Coal Is reclaimed from live storage and conveyed to a Bradford breaker 
where It Is reduced In size to 2"x0. Coal from trucks Is unloaded Into 
a chute from which It Is conveyed to the Bradford breaker. Crushed coal 
from the Bradford breaker is transported to day storage silos from which 
it is transfered via vibrating belt conveyors to coal preparation and 
feeding. System 1, for further processing. Coal fines from the Bradford 
breaker are collected and sent to the gasification unit. System 2. 

3.2.2 System 1 - Coal Preparation and Feeding 

The Coal Preparation and Feeding System takes primary crushed coal 
from the coal handling system, grinds and dries the coal to its ^inal 
size requirement, and stores the prepared coal in intermediate surge 
bins for transfer to the coal gasification system. Since each of the 
three gasifiers has different feed requirements this system is further 
described in the appropriate section. 

3.2.3 System 2 - Coal Gasification 

This system takes the prep'r«- . coal from System 2 and converts it 
into gaseous products and slag byproduct. The specific gasifier descriptions 
are given in the appropriate section. 
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3.2.4 System 3 - Initial Gas Cooling and Cleanup 

This system takes hot gases from System 2 and reduces the tem- 
perature as appropriate for downstream processing, by quenching, steam 
generation and hear exchange. Products are sent to compression and 
condensate treating. Each design has different requirements which are 
described In the appropriate section. 

3.2.5 System 7 - Compression 

Ti.;s system receives raw gas from the gas cooling section and 
compresses It prior to acid gas removal sufflcisnt to meet a 600 psig 
final plant discharge pressure. Since each g^'ifler has a different 
discharge pressure and gas composition this system Is further described 
In the appropriate later section. 

3.2.6 System 4 - Acid Gas Removal 

The purpose of this system Is to receive raw gas and remove suf- 
ficient acid gas to meet the plant product specifications of 200 ppmv 
sulfur and 285 BTU/SCF HHV. 

Though the material and energy balances and total system cost for 
this system vary between the two designs presented here the system 
descriptions are otherwise Identical 

The Selexol Sulfur Removal Unit Is a proprietary process licensed 
by Allied Chemical Co. The primary purpose of this system Is to remove 
H.S and COS from the product gas stream In order to obtain a sulfur con- 
centration of not more than 200 ppmv. Secondarily, tne process removes 
CO 2 . which Increases the gas heating value. 

The Selexol process removes sulfur compounds and carbon dioxide by 
means of countercurrent contact In an absorber. The physical absorption 
of the compounds to be removed Is done using the dimethyl ether of 
polyethylene glycol as a solvent. Chilled solvent Is used. Solvent 
chilling Is accomplished by means of an absorption refrigeration system 
utilizing low pressure gasifier Jacket steam. 

CO. removal from the rich solvent leaving the absorber is accom- 
pllshed^by a series of successively lower pressure flashes. Flashed 
gas is recycled to the absorber Inlet. Sulfur compounds are removed 
in the stripping column. The stripping column utilizes a steam heated 
reboiler. The stripper overheat gas, after cooling to about 120'^F, flows 
to the Sulfur Recovery and Tall Gas Treatment Unit - System 5. 

The sour gas from the Selexol unit Is rich In CO., and at slightly 
above atmospheric pressure. 
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3.2.7 System 5 - Sulfur Recovery and Tail Gas Treatment 

The Sulfur Recovery and Tall Gas Treatment system receives H-S 
and some COS and CO 2 from System 4 and converts the sulfur bearing 
gases Into molten sulfur. The system Is similar In both designs. 

Acid gas from Acid Gas Removal, System 4, Is fed to a Claus-type 
three-stage sulfur recovery unit utilizing a proprietary process for 
handling lean H^S acid gases. Typically In a Claus type sulfur plant, 
the acid gas Is^flrst passed through a knockout drum before entering 
the reaction furnace. The chemistry of the process Involves converting 
the H 2 S to elemental sulfur according to the following equation; 

2 H 2 S + SO 2 — ► 3S + 2 H 2 O 

Any hydrocarbons In the acid gas are burned to CO 2 and H 2 O. 

The reactions are exothermic, and the heat liberated generates steam 
In the reaction furnace boiler and In the sulfur condenser. The sulfur 
from each condenser is drained tc a recovery pit In Byproduct Processing, 
System 13, and the tail gas from the final condenser Is fed to a Beavon 
tall gas treating unit where essentially complete lemoval of the remaining 
sulfur compounds Is achieved before discharge to the atmosphere. The 
Beavon sulfur removal process Is capable of reducing the <:!i1fur content 
In the tall gas to less than 100 ppm. It Is proprietary process. In this 
system hydrogenation and hydrolysis are used to convert essentially all 
sulfur compounds to hydrogen sulfide. This gas Is then cooled, and passed 
Into a contactor where the hydrogen sulfide is absorbed by the redox 
solution and oxidized to elemental rulfur. The reduced redox solution Is 
reoxidized by contact with air and subsequently recirculated to the con- 
tactor. Elemental sulfur Is removed in the air-blowing step as a froth 
which Is pumped to a sulfur melter to be melted under pressure, separated 
from the redox solution, and transferred to Byproduct Processing, System 
13. The decanted redox solution Is returned to the system. 

The chemical reactions are: 

Hydrogenation and Hydrolysis 

SO2 + 3H2 — ► H2S + 2H2O 
S + H 2 — ♦ H2$ 

COS + H 2 O — ► H2$ + CO 2 
CS2 + 2H2O — ► 2H2S + CO2 

3.2.8 System 8 - Process Solids Treatment 

The purpose of this unit Is to collect and dewater the various 
solids slurries, or sludges resultant from the Facility Operation for 
economical, environmentally acceptable disposal. 
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The processes involved in this system are nonproprietary and are 
supplied by various US vendors. 

Ash and slag from the gasifier and gas cooling system, biological 
sludges, and solid wastes, from process condensate treatment are treated 
in this unit. The methods below are used to accommodate the solids 
treatment. 

Gravity settlers separate dense solids from the waste streams. 

Plot thickeners-clarifiers treat slurry f**om the gravity settlers. 
Thickener and coagulant aids are added to facilitate solid-liquid 
separation. 

Rotary Drum Filters filter sludges from the process condensate 
treating systems and the float thickeners. 

Recovered water is sent to the Process Condensate Treating System, 
and solids are conveyed to Final Solids Disposal. 

3.2.9 System 9 - Incinerator 

An analysis of the plant requirements led to the conclusion that 
no incinerator was required. Miscellaneous waste oils and tars from 
the Lurgi or BGC/Lurgi olants are disposed of in the tar burning boilers. 
Combustable solid waste from such systems as coal handling and feed 
preparation are disposed of via the solids disposal system. 

3.2.10 System 10 - Instrumentation and Control 

At the module, system, and subsystem level instrumentation and 
control functions are included as part of the system. 

The purpose of this unit is to provide operational monitoring and 
control of the plant and supervisory master control of the module oper- 
ations. 

The system includes instrumentation to measure key characteristics 
of all major streams (mass flow rate, temperature, pressure, com- 
position, density, viscosity, and others as appropriate); and to ois- 
play these characteristics in a central location. A dedicated computer 
and alarm systems are provided to record stream characteristics and 
identify conditions that should be brought to the unit operators’ 
attention. Telecommunications capabilities are provided to communicate 
with unit operators and general facilities (System 19). All major 
alarms will be redundant, one on the data acquisition system and one 
hard-wired alarm. 
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3.2.11 System 12 - Solid Waste Recycling/ Disposal 

The purpose of this unit is to store solid waste generated by 
facility operation during the facility life. 

This is a non-proprietary system. 

This system consists of a lined impounding pit sized to contain 
20 years of solid waste. It includes the conveyor system to move the 
solids to the pit and a leachate recovery area to recover the pump 
leachate to the process condensate system. 

3.2.12 System 13 - Byproduct Processing 

This system receives byproduct sulfur from System 5 and ammonia 
from System 18 and provides products to sales. More specific descriptions 
are given with later sections of the report. 

3.2.13 System 14 - Plant Power System 

This system is generally designed to receive medium voltage electrical 
power (4.16 KV, 6.9 KV or 13.8 KV) and provide the following functions: 

• Develop the necessary voltage stepdown arrangement for plant 
requirements 

• Distribute the necessary power to the plant equipment. 

This is non-proprietary equipment and is supplied by several U.S. 
vendors. 

TVA's incoming substation transformers receive power from its prev- 
alent distributed voltage switching station and step down this voltage to 
a medium voltage to supply the plant electrical power requirement for 
motors, heaters, lighting, and other miscellaneous loads. 

The Medium Voltage Electrical Distribution System is a secondary 
selective system (double ended supply) with several medium voltage buses. 
Each medium voltage bus receives power from its respective incoming sub- 
station transformer through an incoming breaker and supplies power to the 
medium voltage distribution system through the feeder breakers. 

The Low Voltage Electrical Distribution System typically consists of 
multiple 480 V double ended load centers and 480 V motor control centers 
(MCC's) supplying the power to 480 V loads throughout the plant. Two 
load centers are interconnected through a normally open tie breaker. In 
the event of loss of one load center transformer or its feeder, the 480 V 
loads of the affected load center are fed by the second load center through 
the tie breaker. 

Each load center consists of an incoming line section, load center 
transformer, and low voltage section with metal enclosed draw out power 
circuit breakers. 
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Load center transformers are air cooled, dry type, 150°F temperature 
rise, with delta connected primaries and wye connected secondaries. All 
load center feeder circuit breakers are 1600A frame and 50,000A RMS synne* 
trical Interrupting capacity. The 480 V motor feeder breakers are elec- 
trically operated with Instantaneous and long time trip units. 

480 V MCC's consist of starters, feeder circuit breakers and control 
devices, assembled In a conmon structure with horizontal and vertical buses. 

A 125 Volt DC System supplies control power for medium voltage and 
480 V volt plant switchgear control, protective relaying and annuclatlon. 

The system als' supplies power for emergency lighting. 

3.2.14 System 15 - Steam Generation/Distribution 

Steam Generation/Distribution provides a means for recovering waste 
heat from the plant process systems while providing process steam require- 
ments. The system consists of steam generation (process and boilers), 
steam distribution, condensate recovery, and boiler feed water distri- 
bution. More specific systems are described In other sections. 

3.2.15 System 16 - Water Supply 

The Raw Water Treatment Unit Is designed to provide treated and 
untreated water for the following facility water systems: 

Fire Water 
Service Water 
Potable Water 
Cooling Water 
Boiler Feedwater 

Raw water is pumped from the river to a Fire Water-Raw Water Storage 
tank. 

The Raw Water-Firewater Storage Tank provides surge capacity for 
Water Treatment as well as storage capacity for firewater. During an 
emergency, firewater is pumped from the tank to the firewater header 
system. The firewater pumps are motor driven and have a diesel engine 
driven spare. The spare pump Is equipped with automatic start-up capa- 
bility In case of power failure. 

The raw water is pumped from the Raw Water- Firewater Storage Tank 
to the Softener-Clarifier. Lime, alum, and polyelectrolyte from the 
Clarifier Bulk Chemical Storage and Feed System are added to the Softener- 
Clarifier, which is equipped with an internal flocculation mechanism. The 
alum and polyelectrolyte aid in the removal of suspended solids from the 
raw water. Lime is added during the clarification step to "cold soften" 
the raw water. Chlorine is added to the raw water to inhibit algae growth 
in the clarifier and sand filters and reduce organic contamination. 
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The underflow from the clarifier is a one wt percent sludge and is 
pumped to solids treatment for further processing. 

The clarified and softened raw water from the Softener-Clarifier 
flows to the Self -Backwashing Sandf liters where additional suspended 
solids are removed. A pressure differential across the filter bed 
initiates the backwash cycle. The backwash flows by gravity to the 
Sandfilter Backwash Sump and is recycled to the Softener-Clarifier. The 
filtered water flows to the Filtered Water Storage Tank and is utilized 
as cooling tower make-up for the Process Cooling Tower as service water 
for general plant use» as feed to the Oemineralizer Package, and as feed 
to the potable water system. 

Water intended for potable services is chlorinated and again 
filtered to meet American Water Works Association (AWWA) standards 
and stored in a tank sized to hold a day's potable water requirements. 

The chlorine residual is maintained at 0. 5-1.0 PPM free chlorine in 
the tank. 

Filtered water intended as feed to the Oemineralizer Package is 
injected with Sodium Sulfide to remove trace amounts of chlorine which 
adversely affect the Oemineralizer resins and after filtered through 
activated carbon to remove any remaining organic contaminants and dis- 
solve iron. 

In the demineralizer, the mineral salts present in the water are 
removed by ion exchange. A two-step demineralization system, utilizing 
strong cation and strong anion exchangers in series, is provided. A 
degasifier following the strong cation and magnesium, which the anion 
exchangers remove anions such as chloride and sulfate. The strong anion 
exchanger also removes silica. The degasifier is provided to remove 
carbon dioxide and other dissolved gases. 

A mixed bed polisher is provided to remove silica to 0.02 PPM and 
to polish returned turbine condensate for reuse. 

The demineralized water and condensate is preheated to 220-225°F 
before being pumped into the boiler feedwater deaerators. 

Acid, stored in the Acid Tank, is used to regenerate the cation 
exchangers. Caustic, stored in the Caustic Tank, is used to regenerate 
the anion exchangers. 

Both the Acid and Caustic tanks have pc-nps and metering devices to 
control the flow of regenerants to the demineralizer package. 

The Boiler Feedwater Deaerating heaters operate at 30 psig and 250°F. 

The Deaerators reduce the oxygen content of BFW to 0.005 cc/lites. 

Hydrazine or sodium sulfite is injected into the storage compartment 
of the deaerators for chemical scavenging of any residual oxygen. Morpholine 
is injected into the suction of the boiler feed-water pumps to protect the 
condensate systems. 


B-4-16 


THEBDM CORPORATION 


3.2.16 System 17 - Water Cooling 

The purpose of this unit Is to provide cooling water to the various 
process users In the facility. 

This Is a non-proprietary system and Is supplied by several US 
vendors . 

The cooling tower system Includes the tower and fans, sidestream 
filters, circulating water pumps, cold water basis, blowdown system, 
chemical addition equipment, and distribution system. 

Cooling water U pumped from the cold water basis, through the 
distribution system to the process heat exchangers where low-level, 
sensible heat Is picked up, and back to the cooling tower. The cooling 
tower rejects low-level heat by evaporative cooling to air drawn through 
the cooling tower by the cooling tower fans. 

^ portion of the circulating water Is passed through side stream 
filters to reduce loading to suspended solids, dirt and scale. 

The dissolved solids level of the cooling water Is maintained by 
a continuous blowdown stream to the process condensate system. Water 
level In the cooling tower basis Is maintained by continuous make up 
of the clean water from the raw water treatment system. 

The blowdown stream Is passed through a blowdown treatment system 
to recover chromate Ions via ion exchange or by chemical reduction to 
chromium hydroxide and Is sent to waste treatment for disposal. 

Chlorine is odded to the cooling water on a routine periodic basis 
to prevent algae growth. Chemical algicides are added periodically to 
further eliminate algae growth. Sulfuric acid Is added to control pH 
and zinc and chromate Inhibitors are added to the cooling water for 
corrosion control. Occasionally a polyphosphate dispersant is added to 
enhance the action of the inhibitors. 

3.2.17 System 18 - Waste Water Treatment 

Waste Water Treatment receives all plant liquid effluent streams, 
recovers ammonia and hydrocarbon byproducts and treats the water for 
recycle. Zero aqueous discharge is designed into the plant. More specific 
descriptions are given in other sections. 

3.2.18 System 19 - General Facilities 

The purpose of this unit is to provide equipment nr services to 
support the Gasification Facility at the facility level. 

The equipment and Services provided in this unit are non-proprietary. 
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This unit is a general facility category and provides the following 
equipment and services: 

e Administration Building 
e Laboratories 
t Change Rooms 
e Warehouses 
e Maintenance Buildings 
e Operation Centers 

# Security Offices 

e Plant Air Facility 
e Fire House 

# Visitor Reception 
e Plant Fencing 

e Plant Lighting 
e Roads, Bridges 
e Docking Facilities 
e Interconnection Pipe Ways 
e Fire Protection Network 
e Flare Stacks and Headers 
e Plant Instrument Air Compressors 
e Environmental Monitoring 

# Site Preparation. 
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4.0 LURGI FACILITY nEFINITION DESIGN 

The Lurgl Facility Definition Design processes 20,000 TPD of 
Kentucky No. 9 coal in four identical modules. The basis of the 
design is the Lurgi moving bed coal gasifier. The configuration of 
each module is divided for purposes of engineering studies and cost 
analysis into a number of interconnected systems. Drawing Number 
521-L-OOl is a block flow diagram of the design. These systems are 
listed in Table 4.1. The systematic analysis which led to the choice 
of systems given in Section 3.0 applies to this design. In addition 
a selected number of trade studies specific to Lurgi based gasification 
were conducted in order to complete the choice of technologies for 
each system. Table 4.5 gives the material balance corresponding to 
the block flow diagram. Tables 4.6 and 4.7 give the plant energy 
balance. Table 4.8 presents the operating requirements. 

4.1 Lurgi System Trade Studies 

The system technology distinctly associated with the Lurgi or BGC 
Lurgi as compared to the other gasifier processes of concern in this 
study are tar/oil disposition, phenol recovery, and ammonia recovery. 

These process requirements arise directly from the operation of a fixed 
bed countercurrent reactor with its relatively cool coal feed entry section 
wherein coal is devolatized under conditions not sufficiently severe to 
cause gasification of the vaporized volatile material. The low temperature 
also promotes the formation of ammon|j» as compared to the molecular 
nitrogen formed in hotter gasification reactors. 

4.1.1 Tar/Oil Disposition Trade 

Alternatives considered for the disposition of recovered tars and 
oil are; 

a) burn in fired equipment and 

b) sell as a product. 

Table 4.2 presents the considerations relative to each alternative. 

Based o'. these considerations, lack of dependable data on product quality/ 
quantity to be expected as a basis for sales and previous team experience 
with difficulty in finding suitable markets, the decision is to burn 
the tar/oil product in the boilers of the Steam Generation and Distri- 
bution System. 

4.1.2 Phenol Recovery Trades 

The alternatives considered for phenol recovery include: 

a) do no recover (bio-oxidation) 

b) Phenosolvan process 

c) Chempro process. 
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TABLE 4.1. LIST OF SYSTEMS, LUR6I PLANT 


NUMBER OF COST UNITS 
SYSTEM NO. PER MODULE PER FACILITY 


1 1 4 

2 7 28 

3 1 4 

4 1 4 

5 1 5 

6 1 5 

7 1 4 

8 1 4 

10 - 1 

11 - 1 

12 - 1 

13 1 4 

14 1 4 

15 2 8 

16 1 4 

17 1 4 

18 1 4 

19 - 1 


SYSTEM DESCRIPTION 

COAL PREPARATION & FEEDING 
GASIFICATION 

INITIAL GAS CLEANUP & COOLING 

ACID GAS REMOVAL 

SULFUR RECOVERY 

AIR SEPARATION 

COMPRESSION 

PROCESS SOLIDS TREATMENT 
INSTRUMENTATION AND CONTROL 
COAL HANDLING 
SOLIDS DISPOSAL 
BYPRODUCT PROCESSING 
PLANT POWER SYSTEM 
STEAM GENERATION/DISTRIBUTION 
RAW WATER MAKEUP 
COOLING WATER SYSTEM 
WASTE WATER TREATMENT 
GENERAL FACILITIES 
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TABLE 4.2 

TAR/OIL DISPOSITION TRADES 
LURGI AND B6C/SLAGGER 


ALTERNATIVE NO. 

1 

2 

DESCRIPTION 

SELL AS 
BYPRODUCT 

USE AS 
FUEL 

MEETS PERFORMANCE CRITERIA 

Yes 

Yes 

RELATIVE CAPITAL COST 

Low 

Higher 

RELATIVE ENERGY CONSUMPTION 

Lowest 

Higher 

PROPRIETARY 

No 

No 

COMMERCIALLY PROVEN 

- 

Yes 

APPLIED DEVELOPMENT NEEDS 

- 

- 

COULD DELAY IMPLEMENTATION 
DATA AVAILABILITY 

Yes 

No 

SYSTEM-LEVEL DESIGN 

Yes 

Yes 

COST 

Yes 

Yes 

SUBSYSTEM LEVEL DESIGN 

Yes 

No 

COST 

Yes 

No 

RELATIVE COMPLEXITY 

Low 

Moderate 

RELATIVE OPERATING COST 

- 

- 

POTENTIAL ENVIRONMENTAL PROBLEM 

- 

SOy, NOy 

BYPRODUCT MARKETABILITY 

Questionable 

A A 
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The considerations applicable to these alternatives are presented In 
Table 4.3. Based on these considerations and the fact that: 

e Phenol extraction Is only needed with Lurgi based 
facilities and Lurgi generally prefers or Insists 
on use of Phenosolvan 

e Direct biological oxidation Is very risky due to 
very high BOD concentration 

• Phenosolvan and Chempro are very similar In 
overall process approach. 

The decision Is to use Phenosolvan to recover phenols and to bum them 
In the Steam Generation and Distribution System. 

4.1.3 Ammonia Recovery Trades 

The process alternatives considered for ammonia recovery Include: 

a) Chevron WWT 

b) Phosam-U 

c) stripping only 

The considerations applicable to these alternatives are presented 
In Table 4.1. Based on these considerations and the fact that 

e Phosam-W has been found to be the economic choice from 
past direct comparisons when an ammonia producing 
gasifier is used 

e Power costs are higher for the WWT process 

e If ammonia is not recovered severe problems can occur 
in the sulfur recovery plant 

e Phosam-W is proven on dirty gas similar to coal 
gasification products. 

The decision is to use Phosam-W to recover ammonia from sour water. 

4.2 System Descriptions 

The systems shown in the block flow diagram are categorized as 
similar in description to those given in Section 3.0 or as specific 
*0 the Lurgi based plant. Systems in the later category are: 

• System 1 - Coal Preparation and Feed 

• System 2 - Coal Gasification 

• System 3 - Initial Gas Cleaning and Cooling 
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TABLE 4.3 

PHENOL RECOVERY TRADES 
LURGI AND BGC/SLA6GER 


ALTERNATIVE NO. 

1 

2 

3 

DESCRIPTION 

COCT 

RECOVER 

(BIO-OXIDATION) 

l>HtN6- 

SOLVAN 

CHEM- 

PRO 

MEETS PERFORMANCE CRITERIA 

Yes 

Yes 

Yes 

RELATIVE CAPITAL COSY 

Higher 

Lower 

Lower 

RELATIVE ENERGY CONSUMPTION 

Higher 

Lower 

Lower 

PROPRIETARY 

No 

Yes 

Yes 

COMMERCIALLY PROVEN 

Yes 

Yes 

Yes 

APPLIED DEVELOPMENT NEEDS 

Some 

No 

No 

COULD DELAY IMPLEMENTATION 
DATA AVAILABILITY 

Yes 

Yes 

Yes 

SYSTEM-LEVEL DESIGN 

Yes 

Yes 

Yes 

COST 

Yes 

Yes 

Yes 

SUBSYSTEM LEVEL DESIGN 

Yes 

No 

No 

COST 

Yes 

No 

No 

RELATIVE COMPLEXITY 

Lower 

Higher 

Higher 

.•’ELATIVE OPERATING COST 

Higher 

Lower 

Lower 

POTENTIAL ENVIRONMENTAL PROBLEM 

Higher 

Lower 

Lower 

BYPRODUCT MARKETABILITY 

No 

Possible* 

Possible* 


* At least will have fuel value 
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TABLE 4.4 

AMMONIA RECOVERY TRADES 


ALTERNATIVE NO. 

1 

2 

3 

DESCRIPTION 

wvrr 

PHOSAM 

•W 

^TRIPPING 

ONLY 

MEETS PERFORMANCE CRITERIA 

Yes 

Yes 

Yes 

RELATIVE CAPITAL COST 

Highest 

Mid 

Lowest 

RELATIVE ENERGY CONSUMPTION 

Highest 

Mid 

Lowest 

PROPRIETARY 

Yes 

Yes 

No 

COMMERCIALLY PROVEN 

Yes 

Yes 

Yes 

APPLIED DEVELOPMENT NEEDS 

Slight 

Slight 

Slight 

COULD DELAY IMPLEMENTATION 
DATA AVAILABILITY 

No 

No 

No 

SYSTEM-LEVEL DESIGN 

Yes 

Yes 

Yes 

COST 

Yes 

Yes 

Yes 

SUBSYSTEM LEVEL DESIGN 

No 

No 

Yes 

COST 

No 

No 

Yes 

RELATIVE COMPLEXITY 

Highest 

Mid 

Lowest 

ANNUALIZED COST 

- 

Lowest 

- 

POTENTIAL ENVIRONMENTAL PROBLEM 

Hone 

None 

High 

BYPRODUCT marketability 

Yes 

Yes 

No 
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• System 6 • Air Separation 

• System 7 - Compression 

• System 15 - Steam Generation/Distribution 

• System 18 • Waste Water Treatment 

4.2.1 System 1 - Coal Preparation and Feeding 

This system receives 2"x0 coal from System 11, Coal Handling and 
crushes It to maximum 1 Inch In size. Coal In the size range 1"x2S mesh 
Is conveyed to the Coal Gasification Section. Minus 28 mesh coal Is 
recovered and used as supplemental fuel In the Steam Generation and 
Distribution System. Excess coal fines are sold as a plant byproduct. 

4.2.2 Coal Gasifica. ^n 

The Lurgi gasifier, a dry ash, gravitating bed type. Is cocrmercially 
available from Lurgi Kohle and Mlneraloetechnik. 

The gasifier is essentially a refractory- lined, water-jacketed 
cylindrical shell operating at 30 atmospheres pressure. Coal is re- 
ceived from Coal Preparation into lock hoppers situated above the gas- 
ification reactors. Coal is fed to the gasifier by gravitational feed 
from the lock hoppers and spread over the top of the bed of coal. The 
bed of coal gravitates from top to bottom. The coal flows countercurrent 
to the gasification medium (oxygen and steam). The steam generated In 
the water jacket is used in gasification. Dry ash Is removed continuously 
by a rotating grate into a semi-automatic ash lock. 

The gas leaves the gasifier at a temperature of 650 degrees F. The 
gas is washed in a scrubbing cooler where it is cooled and water saturated. 
Traces of coal dust contained in the gas are removed via the action of 
heavy tar condensation on the particles in the scrubber. This mixture of 
tar-dust can be recycled to the gasifier. The scrubber is an integral part 
of the waste heat boiler system and the gas leaves the waste heat boiler 
at 399 degrees F. At this point, the gas consists primarily of CO 2 , CO, 
and CH., and some H-S. The proportion of these components depend on the ^ 
type of coal and the operating conditions. The gas also contains tar, 
oil, light naphtha, other hydrocarbons, and sulfur compounds. 

4.2.3 System 3 - Initial Gas Cleaning and Cooling 

Raw gas from the Coal Gasification System enters the Initial Gas 
Cleaning and Cooling System from the waste heat boiler in the Coal Gas- 
ification Systems. Since this stream still contains ammonia, carbon 
dioxide, hydrogen sulfide, and oil and water vapor, special design con- 
siderations are required to prevent plugging and excessive fouling of 
cooling surfaces. This design including vertical tubes with tube walls 
washed with reinjected gas liquor is based on proprietary technology 
owned by Lurgi Kohle and Mineraloeltechnik, GmbH. Gas leaves this system 
at 100°F. Water effluent containing tar, oil, ammonia and acid gases 
is sent to Waste Water Treating. 
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4.2.4 Air Separation 

This system is described in Section 3 with final compression of 
the oxygen to 515 psig. 

4.2.5 System 7 - Compression 

This system receives gas at 412 psig from the Acid Gas Removal 
System and boosts the pressure to 600 spig for plant discharge. 

4.2.6 System 15 * Steam Generation and Distribution 

The Steam Generation and Distribution System produces process steam 
from the gasifier jackets and high pressure steam from the waste heat 
boiler in the Coal Gasification System and medium and low pressure steam 
in the sulfur recovery system. Additional steam requirements are pro- 
duced by high pressure steam boilers fired with tar, oil and phenolic 
liquids supplemented with coal fines from the Coal Preparation and Feed 
System. Process steam requirements are primarily Coal Gasification, 

Acid Gas Removal (regenerator reboiler and solvent chilling unit) and 
Waste Water Treating Systems. High pressure steam is let down through 
back pressure turbines to supply additional low and medium pressure 
steam for processing and miscellaneous plant heat requirements. A 
condensate recovery, deaerator, and boiler feed water distribution net- 
work complete this system. 

4.2.7 System 18 - Waste Water Treating 

The Waste Water Treatment System is designed for Tar/Oil separation, 
process condensate treatment, phenol recovery, ammonia recovet'y, and 
return of treated water to the plant. Solids removed in this system 
are put in the Solids Disposal System. 

Tar/oil separation is accomplished in gravity settling tanks. 

The tar oil product is used as fuel in the Steam Generation and Distri- 
bution System. Phenolic compounds are recovered in a Phenosolvan unit. 
Phenolic compounds are to also be burned as fuel pending development of 
a makret. Amnonia is recovered in a Phosom-W unit and sent to the 
Byproduct Process System for sale. 

Streams containing miscellaneous free and dissolved oil are treated 
in a gravity separator utilizing an emolsion breaker and heat to separate 
the oil water mixture. 

Streams containing a high as pH are treated with sulfuric acid 
or lime as appropriate in equalization basins. Neutralized brines 
are evaporated with the concentrated solids goild solids disposal. Re- 
covered treated water is used as makeup for the cooling tower and raw 
water supply. 
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CONVERSION EFFICIENCY 
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I 

5.0 B6C/LURGI FACILITY DEFINITION DESIGN 

I. The BGC/Lurgi Facility Definition Design processes 20,000 TPO of 

Kentucky No. 9 coal In four Identical modules. The basis of the 

( design Is the BGC/Lurgi moving bed coal gasifier with slagging bottom. 

The configuration of each module Is divided for purposes of engineering 
studies and cost analysis Into a number of Interconnected systems. Draw- 
ing Number 521-BGC-OOl Is a block flow diagram of the design. These 

I ' systems are listed In Table 5.1. The systematic analysis which led to 

the choice of systems given In Section 3.0 applies to this design. In 
addition a selected number of trade studies specific to Lurgi based 
I gasification were conducted In order to complete the choice of technologies 

for each system. Table 5.2 gives the material balance corresponding to 
the block flow diagram. Tables 5.3 and 5.4 give the plant energy balance. 
Table 5.5 contains an operation requirements summary. 

■ 5.1 BGC/Lurql System Trade Studies 

These studies are Identical to those described In Section 4.1 for 
the Lurgi based facility. 

5.2 System Descriptions 

The systems shown In the block flow diagram are categorized as 
similar In description to those given In Section 3.0 or as specific 
to the BGC/Lurgi based plant. Systems in the later category are: 

• System 1 - Coal Preparation and Feed 
# System 2 - Coal Gasification 
• System 3 - Initial Gas Cleaning and Cooling 
e System 6 - Air Separation 
e System 7 - Compression 
e System 15 - Steam Generation/Distribution 
e System 18 - Waste Water Treatment 

5.2,1 System 1 - Coal Preparation and Feeding 

This system receives 2“x0 coal from System 11, coal handling and 
crushes it to maximum i inch in size. Coal in the size range l"x28 mesh 
is conveyed to the Coal Gasification Section. Minus 28 mesh coal is 
recovered and used as supplemental fuel in the Steam Generation and 
Distribution System. Excess coal fines are sold as a plant byproduct. 

There is reason to believe that the fines cut off point for the 
BGC/Lurgi gasifier could be less than 28 mesh due to the lower gas velocity 
at a given coal feed rate (less steam). However due to lack of any other 
data this design is based on a minus 28 mesh minimum coal size. 


B-4-39 


TABLE 5.1 
SYSTEM DEFINITION 
BGC/LURGI PROCESS 


THE BDM CORPORATION 


o z 

z o 


z 

o 


cc 

o 

CO 


to 

>- 

CO 


o 

-J 


►- 

z 

8 

»— 

3 

CD 

o 

tu 

z 


LU 


LU 

DC 

LU 

oO 

z 

h“ H— 

Li. 


»— 

O CO Z Z 


o. 


Z LU LU 

oO 


LU 

Z Q »— Z CO 


z 

QC 

(/) LU ^ CO 1— LU 


< -J 

1— 

CO 1— Z Q. ^ 

O 

LU < >- 


.ULUC003COLUh- 


^ :> o: z 

CO 

< tU >- I— • LU DC • 


O Q LU o 

o 

C3COOCO^-^QCh-«l 


<Z Z > Z O < < UJ 

Q^OCOLjJOH>Z-J^Q.Q.Qe:Q^Z>— Cro 

LULU <CLU< 
Q- »— C3 LU a • CO Q ^ H- 3S Z a 3K I— U- 
UJ< C0Q^«C(O ZOLJOLULU < 
ao— l<C a-COoO«X Z)Q-Oh-C33— I 

Q.I— i<CDQ^LULUCOXCOO <Z 

U.M IDCOQfLU 00»— Z3*-«LUCl^ 
•!— OU- QutU^»->Q^Z<C ^h-LU 
<oO,-i,-i_IQCaro<— IQ.<LU3OC0Z 
0<iZO^»-'OQ^OO>-— II— <0<LU 
OO*— •<C0<CJQ-LJc000a.C0Q:O3O 


uO • 
I— O 

^ c 




OO Q-1 

O 

O 


O LU 

QC =) 
LU O 
CO O 

z z 

Z CtL 
LU 
Q. 




»— c\jro^cOvor^c0^csjro^crtcor>.oO^ 


i/l! 


B-4-4 0 



IGC/tUflGI SLAGGifl MlfGMATEO 
FAOUTY/ ftiOOULl OCf MITIOM 
AiOOULl ILOCIl FLOW OIAGIIAM 

































THE BDM CORPORATION 


5.2.2 Coal Gasification 

This unit converts coal Into medium heating value crude synthesis 
gas by partial oxidation In the presence of steam. The reaction takes 
place during countercurrent flow In a moving bed. The crude gas leaving , 

the gasifier Is scrubbed, quenched and saturated by gas liquor to remove 
coal dust and heavy tar. This multi -phase steam enters a waste heat ex- 
changer for cooling and further condensation of heavier hydrocarbons 
prior to further processing. j 

• * 

This design is based on proprietary technolgoy held by Lurgi Kohle 
and Mineraloeltechnik, GmbH and British Gas Corporst^on. j 

In the process the coal and flux, entering the top of the gasifier, *’ 

descends In a moving bed In countercurrent flow to the steam, oxygen 
and produced gas. While traveling from the top to the bottom of the j 

gasifier, the coal Is dried, devolatilized, and gasified. The heat re- .1 

quired for these three steps is supplied by the exothermic reaction 
between the carbon In the coal and the oxygen In the bottom of the i 

gasifier. Flux Is added to form a low melting temperature eutectic. 

As the produced gas passes through the coal bed, its final com- 
position is determined by the following: ' 

- Exothermic and endothermic reactions occurring simultaneously 
In the gasification zone, 

- Formation of hydrocarbons, phenols, fatty acids, and minor 
organic compounds in the devolatilization zone, and 

- Evaporation of coal moisture in the drying zone. 

After leaving the gasifier the raw gas is scrubbed and cooled in the 
wash cooler scrubbers and the waste heat exchanger. 

The coal and flux are fed to the coal bunkers by a belt conveyer 
syste.ii. The feed chutes at the bottom of the coal bunkers control the 
flow of coal into the coal locks. Each gasifier has two coal locks that 
operate automatically on a cyclic basis. There coal locks are pressurized 
with an inert gas and feed alternately the coal surge vessel. 

The gas released during depressurization and the gas displaced 
during filling of the coal locks contains a small amount of coal dust. 

The dust is removed prior to disposal of the streams. 

In the bottom of the gasifier the coal ash melts as a eutectic with 
the added flux to form slag. The molten slag collects at the bottom and is 
tapoed intermittently through a tap hole into the quench vessel. In the 
quench vessel the slag granulates immediately upon contact with the 
quench water. The granulated slag falls into the slag hopper and is dumped 
intermittently to the Solids Treatment System. 
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The raw gas leaving the Gasifier requires iimediate treatment to 
remove as many impurities as possible. The initial treatment is pro- 
vided in wash coolers operating in parallel. In the wash coolers gas 
liquor is injected to quench and saturate the raw gas. A multi -phase 
stream containing raw gas, condensed hydrocarbons, dust, stream, and 
water flows from the wash coolers to the waste heat exchaiiger for 
additional treatment. The multi -phase flow enters the waste heat ex- 
changer above the gas liquor level. The gas and liquor are separated, 
and the gas is cooled by producing low pressure (35 psig) steam. The 
gas liquor condensed from the raw gas is collected in a sump. A 
portion of the dusty gas liquor is utilized as quench water for the 
wash coolers with the remaining liquor being sent to the Waste Water 
Treating System. 

5.2.3 System 3 - Initial Gas Cleaning and Cooling 

Raw gas from the Coal Gasification System enters the Initial Gas 
Cleaning and Cooling System from the waste heat boiler in the Coal Gas- 
ification Systems. Since this stream still contains ammonia, carbon 
dioxide, hydrogen sulfide, and oil and water vapor, special design con- 
siderations are required to prevent plugging and excessive fouling of 
cooling surfaces. This design including vertical tubes with tube walls 
washed with reinjected gas liquor is based on proprietary technology 
owned by Lurgi Kohle and Mineraloeltechnik, GmbH. Gas leaves this system 
at 100°F. Water effluents containing tar, oil, ammonia and acid gases 
is sent to Waste Water Treating. 

5.2.4 Air Separation 

This system is described in Section 3 with final compression of 
the oxygen to 490 psig. 

5.2.5 System 7 - Compression 

This system receives gas at 412 psig from the Acid Gas Removal 
System and boosts the pressure to 600 spig for plant discharge. 

5.2.6 System 15 - Steam Generation and Distribution 

The Steam Generation and Distribution System produces process steam 
from the gasifier jackets and high pressure steam from the waste heat 
boiler in the Coal Gasification System and medium and low pressure steam 
in the sulfur recovery system. Additional steam requirements are pro- 
duced by high pressure steam boilers fired with tar, oil and phenolic 
liquids supplemented with coal fines from the Coal Preparation and Feed 
System. Process steam requirements are primarily Coal Gasification, 

Acid Gas Removal (regenerator reboiler and solvent chilling unit) and 
Waste Water Treating Systems. High pressure steam is let down through 
back pressure turbines to supply additional low and medium pressure 
steam for processing and miscellaneous plant heat requirements. A 
condensate recovery, deaerator, and boiler feed water distribution net- 
work complete this system. 


B-4-4 3 


THE BDM CORPORATION 


5.2.7 System 18 - Waste Water Treating 

The Waste Water Treatment System is designed for Tar/Oil separation, 
process condensate treatment, phenol recovery, ammonia recovery, and 
return of treated water to the plant. Solids removed in this system 
are put in the Solids Disposal System. 

Tar/oil separation is accomplished in gravity settling tanks. 

The tar oil product is used as fuel in the Steam Generation and Distri- 
bution System. Phenolic compounds are recovered in a Phenosolvan unit. 
Phenolic compounds are to also be burned as fuel pending development of 
a makret. A^nia is recovered in a Phosom-W unit and sent to the 
Byproduct Process System for sale. 

Streams containing miscellaneous free and dissolved oil are treated 
in a gravity separator utilizing an emolsion breaker and heat to separate 
the oil water mixture. 

Streams containing a high or low pH are treated with sulfuric acid 
or lime as appropriate in equalization basins. Neutralized brines 
are evaporated with the concentrated solids going to solids disposal. Re- 
covered treated water is used as makeup for the cooling tower and raw 
water supply. 
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PROJECT SCHEDULES 


This appendix contains the master and project schedules needed to support 
the evaluation of the reference facility designs, economic studies and pro- 
ject planning for the TVA coal gasification facility. Enclosed are five 
such schedules: one Coal Gasification Facility Project - Master Schedule 

and four project schedules for each of the four TVA Meolum-Btu Gasification 
(MBG) Modules. The schedules are time-phased by project activity (such as 
engineering, procurement, construction and testing) and bv module or by the 
major systems (such as air separation, gasification, etc.K These schedules 
developed at this early stage of the project should be considered as antici- 
patory rather than definitive and should be useful for overall project 
comprehension. 

1.0 LEVELS OF SCHEDULES 

There are three distinct types of schedules differing In the level of 
detail they provide. These schedules are: 

1.1 Management Schedules 

Management level schedules Identify the basic milestones aid parameters 
of a project. These schedules are normally originated during the planning 
and preliminary engineering phase of a project. The types of nanagement 
schedules and a brief description of their use are as follows: 

• Proposal Schedule - Assists business development ir its efforts to 
gam new contracts. 

t Front End Schedule - Depicts the key activities to be accomplished 
during the first sixty to ninety days after project award in order 
to successfully start the project. 

• Master Schedule - Defines major milestone events for engineering, 
procurement and construction, and provides the basic parameters 
for more detailed project and control level schedules. 

1.2 Project Schedules 

Project schedules provide a greater quantity of detail. They are designed 
for the use of those directly involved on a day-to-day basis in the management 
of the gasification project. 

Project schedules depict the project plan and are developed after manage- 
ment level schedules have been approved and issued. The types of project 
schedules and a brief description of their use are as follows: 

• Engineering Network - A critical path method di-gram which details 
the activities and targets of engineering and procurement as estab- 
lished by the master schedule. 
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t Engineering Schedule - A bar chart time-scaled format which details 
the activities and targets of engineering and procurement as estab- 
lished by the master schedule. 

• Construction Network - A critical path method diagram which details 
the activities and targets of construction as established by the 
master schedule. 

t Construction Schedule - A bar chart time-scaled format which details 
the activities and targets of construction as established by the 
master schedule. 

1.3 Control Schedules 

Control schedules provide the greatest amount of detail. Such schedules, 
when integrated with control reports, provide the detailed information 
necessary to effectively and accurately evaluate project performance. Control 
level schedules and reports should be maintained and updated by the person 
responsible for the work, in conjunction with the schedule engineer. Control 
level schedules and reports are the basis for project and management level 
schedules and reports. Control level schedules and reports are divided into 
three basic types: engineering, procurement, and construction. Each type of 

control schedule relates directly to a particular phase of the project. 

2.0 CONTENT OF REPORT 

This report first presents a "Coal Gasification Facility Project - Master 
Schedule." The master schedule is a management level schedule and depicts 
only major milestone events and major phases of the project such as engineer- 
ing, procurement, and construction. It provides module rather than system 
level of detail. The purpose of the master schedule is to depict in the most 
general terms the overall plan for the executior. of the project with regard 
to time and resources. The master schedule serves as a basis for the prepara- 
tion of more detailed schedules and logic networks. It is important that the 
master schedule be agreed upon and fixed as early in the project as possible 
since so much of the other planning and scheduling relies upon it. It is not 
intended to be revised. Only major changes in scope of work or major inter- 
ruptions due to factors such as labor strikes should justify revision of the 
master schedule. 

Four project schedules are presented to accompany the master schedule. 
Each one depicts the time-phasing for the development of a particular module 
at the system level of detail. Utilizing a bar chart time-scaled format, 
they detail major milestones for engineering, procurement, construction, and 
testing. 

Control schedules by their nature are too detailed for inclusion in this 
report. For examples of their proper use refer to: K. M. Guthrie, Managing 

Capi tal Expenditure for Construction Projects . Craftsman Book Company of 
America, Solana Beach, California (1977). 
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All s'.hedules contained In this report have been made consistent with 
the Coal Gasification Facility Work Breakdown Structure Matrix as given In 
Appendix H. 

It Is recognized that the final allocation of systems within this Work 
Breakdown Structure may be changed In the future. For example, the category 
of Off Sites SystOTs may cease to exist, and the systems assigned to It 
(e.g., Coal Handling, Solids, Disposal, etc.) may be reallocated to a different 
category. The section which follows will describe the methodology used In 
preparing the schedules described above. 

3.0 METHODOLOGY 

The following material In this chapter outlines the four basic steps 
necessary In the development of a master schedule and the required project 
schedules. These four steps are: 

• Collection of Information 

e Determination of Controlling Factors 

• Schedule Preparation and Analysis 

• Review and Issue 

3.1 Collection of Info-Tnation 

This Initial step Is the most critical since all assumptions, supposi- 
tions, and determinations are made from the data collected. The Information 
was divided Into major categories as follows: 

3.1.1 Project Information 

The master schedule as conceived by the Tennessee Valley Authority (TVA) 
gasification project team and the NASA gasification project team was used as 
a starting point for the schedule development. All milestones and essential 
schedule project schedule dates were used as the basis for schedule development. 

3.1.2 Engineering, Procurement, and Construction Information 

Information was collected by system type for engineering, procurement, 
and construction. Engineering was assumed to include activities occuring 
between initiation of home office engineering and design to approval for con- 
struction process implementation. Procurement was assumed to begin with the 
initiation of bid requests to hardware suppliers to the actual delivery of the 
systems on site. Construction was assumed to begin with manufacture of the 
field unit and implementation on site to the activities which conmenced 
systems test. The TVA/NASA best estimates for each segment of engineering. 
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procurement, and construction were extracted from the master schedule and com- 
pared with the best estimates made by personnel on the BOM/Mittelhauser pro- 
ject team. The results of both estimates have been used to develop the pro- 
ject schedule enclosed. 

In most cases, the BOM/Mittelhauser team's estimates were more conserva- 
tive than the original TVA/NA^A estimate. In any case, the ’east conservative 
estimate became the low estimate (Indicated by the solid line on the project 
schedules) and the more conservative estimate became the high estimate 
(Indicated by the broken line extension of the project schedule). All time- 
lines were presented as typical for construction projects of this type and do 
not represent a detailed risk analysis of this project. 

3.1.3 Systems and Module Test and Evaluation Information 

The start-up and test cycle as defined by TVA was divided into two seg- 
ments: (1) Systems Test and Evaluation set at sixteen (16) months during 

which time each system as It is Implemented Is tested Independently of all 
other systems in the module, and (2) Module Test and Evaluation set at six (6) 
months during which time all systems are Integrated and tested as a complete 
module. In all cases, systems test and evaluation overlap the construction 
activities and the module test and evaluation conmences with completion of 
systems test and evaluation and ends with the start of commercial operations. 

3.1.4 Cost Engineering Information 

The schedule development was made to be consistent with the Work Break- 
down Structure as defined in the April 30 interim report. It Is recognized 
that the subsequent development of reference designs and cost estimations 
might cause a reallocation of systems within the structure. At a future date, 
the schedules should be made consistent with any changes made to the Work 
Breakdown Structure which result from experience in the cost estimation and 
engineering design process. 

3.2 Determination o' Controlling Factors 

The TVA Coal Gasification Facility proposed schedule as defined in 
Table 4.1 is the primary controlling factor for all major milestones estab- 
lished in the master sc^iedule. The proposed schedule provides all the major 
milestone events necessary to effectively outline the execution ind comple- 
tion of the project and to coctmence commercial operation of the modules 1-4 
In years 1985-87. The determination of major equipment deliveries is the 
prime controlling factor In establishing whether such a schedule can be met. 
Best estimates by TVA/NASA and BDM/Mittelhauser Indicate that such a schedule 
is achievable, but much depends on the future procurement schedules agreed to 
by the hardware suppliers. No attempt has been made in this study effort to 
identify and contact the hardware vendors to estimate future procurement 
schedules for each system. 
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3.3 Schedule Preparation and Analysis 

The Information obtained In the data collection process was organized 
by system (e.g., gasification, process solids, etc.) and by activity (engl* 
neering, procurement, and construction). For each system, the best estimates 
of time requirements for the activities of engineering, procurement and 
construction were analyzed to determine the values to be scheduled. 

For example, the time estimates for TVA/NASA and BDM/MIttelhauser are given 
for the activities of engineering, procurement, and construction as well as 
the estimations for time overlap between engineering procurement and 
procurement-construction. In the example, the BDM/MIttelhauser estimates 
for engineering and procurement were lower than the TVA/NASA estimates and 
therefore used as the resultant low estimates for those same activities. The 
TVA/NASA estimate for construction was lower than the BDM/MIttelhauser esti- 
mate and therefore used as the low estimate for construction. In all cases, 
the overlap estimates have been used as flexible categories to assure that 
the combined totals can be satisfied within the project major milestones. 

After completing the above process for each system, the combined totals 
were assigned short, medium, or long time requirement ranges according to the 
following definitions: 


long time ^ 40 months 
34 months ^ medium time < 40 months 

short time < 34 months 

For example, the gasification system combined total Is 46-51 months to 
engineer, procure and construct the system, and Is a system having by defini- 
tion, a long time requirement. All systems with similar long time requirements 
were scheduled first; systems with medium time requirements were scheduled 
second; and finally the systems with the short time requirements, and therefore 
the greatest flexibility, were scheduled last. 

The resultant schedules are shown in Section 4.0. 

3.4 Review and Issue 

The submission of this document to TVA and NASA comnences the final step 
in the schedule development. The schedule may be finalized and approved by 
TVA and NASA or revised as necessary to permit latest changes In plans by 
those organizations. In any case, project and control schedules must be 
developed in greater detail to permit careful monitoring of the gasification 
project. 
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4.0 REFERENCE FACILITY SCHEDULES 

4.1 Milestones 

The program development methodology encompasses the establishment of a 
specific set of time- structured elements scheduled for completion at pre- 
designated dates. To facilitate effective program management of system 
development, and to ensure management review of p'‘ogram status, a set of 
objective-oriented milestones has been established. These milestones 
Include: 

e Program Requirements Review (PRR) 

e Preliminary Design Review (PDR) 

e Critical Design Review (CDR) 

e Operational Readiness Review (ORR) 

e Start of Commercial Operations (SCO) 

4.1.1 Program Requirements Review (PRR) 

The PRR will be a vehicle for review and approval of the complete 
systems requirements for all functions to be performed by the coal gasifica- 
tion facility. It will occur four months from the start date and will present 
for program management approval a complete Functional Description, a Test Plan 
and a list of system deliverables related to both the total systems and 
Individual module development. 

4.1.2 Preliminary Design Review (PDR) 

The PDR will occur twelve months after the start date and at this time 
program management will review the complete system and subsystem designs. All 
system and subsystem specifications will he completed in draft form for review. 
The Test Requirements will be approved at this review. Construction of well 
defined systems such as coal handling, solids disposal, plant power, general 
facilities may begin shortly after the PDR and prior to the critical design 
review. 

4.1.3 Critical Design Review (COR) 

Twenty months from the start date, a CDR will bo held to approve all 
specifications. The drafts presented at the PDR will be revised as necessary 
to meet program development requirements, and specifications will be defined 
to the subsystem level. The final version of system, subsystem, and test 
specifications will be approved at the CDR. Approval of the CDR will mark 
the initiation of major construction activity for all systems not already 
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started. The final designs and specifications provide the necessary guidance 
and Instructions for remaining program development activities. 

4.1.4 Operational Readiness Review (ORR) 

This milestone Is the fourth to be reached and occurs approximately 
51 months from ti<e program start date. The objective of the ORR Is to review 
completed system acceptance test results to determine operational readiness 
of each module. Complete program documentation review Is also performed 
during this review. Following the ORR, a six-month period of module testing 
will commence. 

4.1.5 Start of Commercial Operation (SCO) 

The SCO constitutes the final phase of program development. The results 
of module testing and evaluation will be reviewed and conmerclal operation of 
each module will commence. Total facility management, operation, maintenance, 
and logistic support will proceed In accordance with the conceptualized 
standard operating procedures, facility operating Instruction, system safety 
plans, and quality assurance requirements. 

4.2 Schedule Oates 

Table 4.1 provides schedule dates encompassing the complete life cycle 
of the MBG facility. The phases for module development and operation Include: 

e Design and Construction 

e Start-up/Test (System and Module) 

e Start Commercial Operation 

e Module Retirement 

4.3 Master Schedule 

The major program development activities and their time-phased relation- 
ship to each of the four system modules Is shown In the Coal Gasification 
Facility Project Master Schedule (Figure 4.1). Specific major activities 
include engineering procurement, construction, and testing. Also included 
are the program milestones and their associated dates. 

4.4 Project Schedules 

Figures 4.2 to 4.5 depict major systems development activities and 
milestones defined in Section 4.1 for each individual coal gasification 
module to be developed. Both low and high time estimates of each major 
development activity have been established according to the methodology 
defined in Section 4.3. 
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module II SCHEDULE WITH RELATED GENERAL FACILITIES 
ENGINEERING (E), PROCUREMENT (P) AND CONSTRUCTION (C) 



NOtE: REQUIREMENT FOR SYSTEMS TESTING OF GAS CLEANUP/COOLING MAY NOT AFFORD TIME FOR ANY IN GENERAL FACILTIES I ID - PtANT POMER SYSTEMS 
SLIPPAGE OR FOR ADEQUATE TESTING. HOWEVER, PROCUREMENT AND CONSTRUCTIUM MAY BE 8 MONTH HIATUS BETWEEN PURCHASE COMPLETION AND 

limiAIEb EARLIER IN PLANNED CONSTRUCTION PERIOD OF MODUU II PROCESSING FACILITIES CONSTRUCTION START DOES NOT APPEAR NECESSARY. 
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Figure 4.5. Module IV Schedule 






